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•PREFACE. 


This  work,  originally  designed  as  a  l>ook  of  instruction 
f»>r  the  i-adets  of  the  Military  Academy,  ha^.  since  my  sep- 
aration fr<:»m  the  department  of  artillery,  l)t»en  extended 
heyond  the  limits  at  first  proposed,  with  a  vitw  of  spread 
inc  infomiHtion  not  popularly  accessible,  upon  a  subject  of 
th*-  first  inip)rtance  to  our  national  defense. 

It  is  submitted  to  my  brother  ofEcei^s,  trusting  that 
HMiiv  allowances  will  be  made  for  its  defects,  and  that 
w.ni*-  oiif  more  rapable  of  doing  justice  to  the  subject  will 
J^  imluced  to  nfter  to  the  service,  and  to  oui*  militia, — on 
'rlK-nu  in  the  ('V(»nt  of  war,  the  principal  defense  of  our 
Ijfcre  fortifications  must  devolve, — a  more  complete  sys- 
T*-rn  of  instruction  than  I  have  been  able  to  furnish. 

Where  translations  have  been  made,  it  has  been  my 
•fi'l^avnr  to  select  such  portions  as  are  c)r  may  be  appli- 
^3>il*-  to  our  own  service,  leaving  out  those  peculiar  to  the 
f-rfr-ipn. 

J.  G. 

Wi»i  pourr   N.  y..  Aupiet  14.  1859. 
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CHAPTER   I. 


GUXPOWDER. 

The  tDflamniable  pMperty  of  a  mixture  of  nitre,  cliarcoal,  and 
iir,  wa«  kiKurn  loDg  before  its  projectile  t'iDrce  was  discov- 
L'ecd  in  the  form  of  dust,  it  is  supposed  by  many  to  liave 
1  Ui49  tubiitance  of  wliidi  tbc  rockets  and  Uroek  fire  of  the 
!bU  were  made. 

DiBcnvEST. — GnnpowdiT  is  said  to  have  been  discovered  in 

liEuQpe  somewhere  about  the  XIII.  ceulury;    but  a  enmewhat 

■  cijni]u]tuid  i*  MUpposed  to  have  existed  niauy  centuries 

titm,  in  Chiu*.     Until  towards  the  close  of  the  XV,  century,  it 

*  naod  in  the  dtut  runn ;  but  about  that  time  It  was  discovered 

t  when  formed  into  grains,  iu  force  wa«  very  considerably 


tjKiKKDfians. — ^Tbe  ingredients  used  in  the  manufacture  of  gun- 
re  charcoal,  nitre  (or  enltiketre),  and  sulphur;  and  in 
r  to  vx}>lain  tlie  phenomena  of  explosion,  a  abort  dcBcriptioa 
teb  of  tiicte  lubstancea  will  be  f^iven. 

CojlWxial. — If  charcoal  is  h»ited  to  a  certain  temperature, 

nbastioo  t«kcs  place,  and  if  perfc'Ctly  pure,  no  ash  will  rt-mahi. 

e  duroual  wilt  bu  converted  into  an  Invisible  gsji.     Placed 

r  the  receiver  of  an  ur-putnp,  and  the  air  removed,  it  will 
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not  bum.  There  is,  therefore,  needed  for  its  combustion,  an  ingre- 
dient of  common  air— oxygen — and  it  will  presently  be  shown 
how  this  element  is  combined  with  the  charcoal  so  as  to  produce 
combustion  in  vacuo.  The  power  of  oxygen  to  support  combus- 
tion is  very  great.  This  may  be  seen  by  a  simple  experiment.  A 
piece  of  steel  wire  having  any  inflammable  substance  placed  on 
the  end  of  it  and  lighted,  when  dipped  in  a  jar  of  oxygen  gas  is 
rapidly  consumed.  This  being  the  case  with  regard  to  iron  or 
steel,  it  may  readily  be  imagined  how  much  more  rapidly  char- 
coal immersed  in  the  gas  would  disappear,  from  what  is  called 
bombustion — really  uniting  with  the  oxygen — ^forming  carbonic 
acid  gas.  Now,  if  instead  of  presenting  th^  charcoal  in  a  solid 
mass  to  the  action  of  the  oxygen,  it,  in  the  form  of  a  minute  pow- 
der, be  brought  in  contact  with  a  substance  similarly  prepared, 
and  containing  a  large  quantity  of  oxygen,  the  combustion,  when 
fire  is  applied,  will  be  much  more  rapid,  producing  deflagration. 

Charcoal  made  from  light,  quick-growing  wood  is  the  most 
easily  pulverized,  and  is  the  best  for  making  gunpowder. 
In  the  United  States  willow  and  poplar  are  used.  It  should 
be  sound,  about  an  inch  in  diameter,  and  not  more  than 
three  or  four  years  old.  The  largest  limbs  are  split  up  before 
burning ;  the  smallest  branches  are  used  for  fine  sporting-pow- 
der. The  wood  should  be  cut  in  the  spring,  when  the  sap  is 
running  freely,  and  the  bark  at  once  takeu  off.  It  may  be 
charred  in  the  ordinary  way,  in  pits ;  but  the  most  usual  way  of 
preparing  it  for  making  gunpowder  is  by  distillation.  This  pro- 
cess consists  in  placing  the  wood  in  iron  cylinders,  to  which  pipes 
are  fitted  to  carry  off  the  liquid  and  gaseous  products.  Heat  is 
then  applied  to  these  cylinders  and  kept  up  for  a  number  of 
hours.  The  fires  are  then  allowed  to  go  down,  and  when  cool, 
the  charcoal  is  taken  out.  This  method  has  the  advantage  over 
the  common  way  of  making  charcoal,  of  performing  the  opera- 
tion of  charring  more  completely,  and  of  saving  the  ingredients 
which  by  the  common  process  are  lost.  Acetic  or  pyroligneous 
acid,  tar,  and  wood  naphtha  are  thus  obtained.  This  charcoal  is 
also  said  to  be  more  free  than  any  other  from  potash. 

Another  process  has  lately  been  introduced  in  France  by  M. 
Violette,  and  considered  a  great  improvement.  This  consists  in 
transmitting  through  the  wood  high-pressure  steam,  producing 
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I  effoetaallv  even  t^an  fires  the  deeired  result.     It  sbonld 

I  •  oortain  degree  uf  elasticity,  have  a  brown  color,  present 

t  fibrous  appcaniDcc  of  tLo  wood,  and  its  fracture  be  irrid- 


1  eontaiiitt  about  fifty-two  per  cent,  of  carbon ;  but  tbia 
ItArnUliee  only  about  iWrtj-  or  forty  per  cent.  Tlie  coal  is 
in  tlie  immediate  locality  of  ibe  powder-factories, 
a  it  readily  abBorbn  inoiature,  is  made  only  ae  it  is  wanted. 
In  rticj»  its  Bpeeific  gravity  is  about  .800,  wliicb  is  increased  by 
j-ulftfriiing  to  1.3S0. 

XiTBE. — Nitre  is  tJic  eubetancQ  wliiclt,  posfiessing  sncb  a  large 
[■oroentaffu  of  oxygen  in  a  solid  form,  gives  cbareoal  tbo  ability 
Ih  bniB  wbiitlicr  !ii  contact  witli  tlic  air  or  not.  Sulphur  adds 
Mjy  to  Uie  mixture,  and  intensity  to  tlio  Same,  when 
^ted;  anU  tlie  r«*inlt  is  gunpowder.  Sulpbnr  also  renders  the 
'  Ie»a  liable  to  abstirb  moisture.  Tlie  quality  of  powder 
I  Tciy  much  ni-on  the  intimate  mixture  and  proper  pro- 
I  of  tlic  iujpxKlients — or  in  otlier  words,  on  our  ability 
■  to  bare  in  contact  with  the  tnfianiinabla  materials,  cbor- 
L  aalpbnr,  the  necessary  oxygen  in  the  form  of  nitre  to 
i  eomboHtion,  nnd  change  ail  tho  solid  inaes  into  gases. 
1  by  itaolf,  i.  e.  in  vacuo,  will  not  bnm,  nor  will  nitre 
r  in  that  way  or  in  the  open  nir ;  but  together  they  bum 
I  vacou,  uxl  inlimately  mixed,  deHHgrate. 
Hw  finer  llie  gunpowder  and  more  intimately  mixed  the  in- 
attK,  Uie  nearer  it  approaches  a  detonating  powder.  In 
I  oinjiact  charges,  however,  tlie  rcvcrso  is  the  case,  ag 
t  tbe  powder  itself  forms  an  obstacle  to  the  tmnsniiasion  of 
I  flame,  and  it  bnms  slowly  and  in  euceessive  layers.  As  a 
1  rule,  and  before  coming  to  tho  limit  of  duet,  tlie  smaller 
I  tbe  mure  rapid  the  combustion,  and  the  greater  tlic 
[  force  of  the  iKiwder.  Tliifl  is  the  reason  that  in  small 
I  BnAll-fpniinKl  i>owder  is  used.  It  has  bnt  a  short  dis- 
)  fa  whicli  to  act  on  tlie  projectile,  and  being  in  small 
■loantity.  it«  bursting  force  is  not  sneh  us  to  injure  a  gun ;  while 
a  large  piet^ea  (he  charges  arc  so  great,  tliat  did  they  hnm  fast 
■.V»  DM-lal  couM  withstand  the  shock.  In  these,  too,  as  tlie  time 
I  the  ptiwder  haa  to  act  on  the  projectile  is  greater  than  in 
I  Anni,  the  whole  force  of  a  slow-bumiug  powder  will  bo 
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produced  before  the  projectile  leaves  the  muzzle ;  and  from  the 
great  heat  evolved  by  the  large  charge,  the  largest  grains  will  be 
consumed. 

Nitre  or  saltpetre,  the  nitrate  of  potassa,  is  a  natural  salt 
found  in  many  localities,  especially  in  the  East  Indies,  where  it 
exists  in  great  abundance  on  the  earth's  surface,  and  where 
it  is  natural  to  suppose  its  peculiar  properties  when  combined 
with  carbon  were  first  observed.  It  is  also  found  in  other  warm 
countries,  and  in  limestone  caves  in  the  States  of  Virginia,  Geor- 
gia, Tennessee,  and  Kentucky ;  and  in  this  last  in  the  form  of 
rock  ore,  a  sandstone  containing  a  very  large  proportion  of  the 
salt.  It  may  also  be  produced  artificially  in  what  are  called 
"  nitre  beds,"  by  exposing  animal  and  vegetable  substances  to- 
gether to  the  action  of  the  air  in  moist  situations.  This  method, 
although  not  first  discovered,  was  perfected  by  the  celebrated  Ber- 
thoUet,  at  a  time  when  France,  cut  off  from  communication  with 
other  nations,  was  driven  to  these  beds,  or  walls  as  they  are  some- 
times called,  to  obtain  supplies  of  an  article  so  absolutely  neces- 
sary to  her  defense. 

CuABACTERiSTics. — ^This  Salt  when  pure,  has  a  clear,  white, 
crystalline  appearance,  a  specific  gravity  of  2.090,  melts  at 
660°  F.,  and  decomposes  at  a  red  heat.  It  is  soluble  in  water, 
much  more  so  in  hot  than  in  cold,  and  has  a  cool,  saline,  and 
slightly  bitter  taste. 

In  the  manufacture  of  gunpowder,  it  is  of  the  greatest  im- 
portance that  all  the  ingredients,  and  especially  the  nitre,  should 
be  pure.  It  never  appears  so  in  commerce,  but  in  the  shape  of 
grough  saltpetre  contains  from  six  to  twelve  per  cent,  of  foreign 
salts,  earth,  and  water. 

Analyzino. — ^To  ascertain  the  quality  of  grough  saltpetre,  a 
certain  quantity,  say  one  lb.,  is  washed  in  a  saturated  solution  of 
pure  nitre,  and  the  liquor  poured  off ;  the  washing  is  then  repeated 
and  poured  on  a  filter,  which  is  dried  perfectly  by  placing  it  on 
glass  imbedded  in  ashes  or  lime,  and  then  evaporating.  The  sat- 
urated solution  takes  up  only  foreign  salts ;  and  what  remains, 
allowing  two  per  cent,  for  earthy  matter,  &c.,  will  be  the  quan- 
tity of  pure  saltpetre.  As  a  check  and  comparison,  perfdrm  the 
same  operation  on  the  same  quantity  of  pure  saltpetre. 

PuBiFYiNO. — Great  pains   are  taken  to  purify  the  nitre  to 


=!U] 


^•v  nsftl  in  llio  maniifftchini  of  gnnpowder;  and  the  process  is 
niDi-li  fuftUt&ttid  by  the  (nets  that  Bonie  of  tlie  impnri^ea  are  lc£e 
^ilaMf  in  boiling  water  than  in  c^tld — nitre  is  thf  roverBC — and 
»-iiii'  arp  mure  aobiblfl  in  hut  or  ci>ld  wAter  than  nitri-.  For  pnri- 
hi:i_-  tln'o,  two  tiers  nfvata  are 

■  ri,iil..i>-il,  on«  lit-ated  the  other_ 
■"■  lii.    For  hcatinn^,  etoam  ib  some- 
f-rn.-*  iiswl,  as  at  tliO  Celebrated 
•fiuML-hnK-nt  of  Col,  Hazard,  at 
Erifiold.  Conn.     The  saltpetre  of 

■  iiinpiurru  is  first  placed  in  the 
rat  ••  A,*' Fijr,  1,  and  steam  ajv 
I'lli-J  fniiii  below,  prodncing  complete  ebnllition.     Particles  of  dnst 

flior  ligiit  materials  rise  to  the  top,  and  arc  skimmed  off,  Tlie 
ilti-  t-c-ing  more  soluble  m  boiling;  water  than  in  cold,  and  such 
•t  ln-in^  the  case  with  chloride  of  sodium  (common  salt),  this  last 
ill  ..II  the  rcMntion  of  the  boiling  sink  to  the  bottom,  with  eomw 
L-t!n  inaltnr,  the  pro(>ipItatio»  of  wliich  is  assisted  by  a  solution  of 
!'!■-■.  Tht  li<]iior,  wliiUt  hot,  is  then  drawn  off  by  a  syphon  into  the 
kl  iidow.  I[i>re  it  »  allowed  to  cool  slowly.  Chlorides  ofcalciuni 
liuni,  and  thu  nitrate  of  lime  and  soda,  being  more  snlu- 
-alia",  hot  or  cold,  than  nitre  are  taken  np  by  the  water,  while 
•V  Is  formed  into  crystals  at  the  bottom.  When  the  mass 
sed  to  abfint  104",  the  water  is  drawn  off,  leaving  the  nitro 
pare.  It  Is  kept  constantly  stirred  during  this  operation, 
ent  the  formation  of  large  erystals,  whieh  wonld  probably 
water  and  »omc  impurities.  It  may  then  lie  left  to  drain 
through  holes  in  the  botUim  of  the  vat,  or  tranufcrred  to  a  kind 

r  specially  made  for  the  pnrpose, — Fig.  2.  \ 

i  of  thete  opcrationci  U  not  always  fliifficicnt  to  rid 

aHto  of  all  ita  impurities ;  a  matter  of  the  first 

•ineo  tho  pr(.''Boncc  of  the  most  injnri- 

thtite,  nhmto  of  lime  and  impure  common 

a  [lowori'ul  affinity  for  water,  will  ' 
!|y  affect  tlie  ipmlity  of  the  powder  made 
more  cspwially  in  regard  to  its  preaerva- 


Tlie  importance  of  this   will   bo   i 


when   tho  effect 


■•f  tii(M<tnro   on   gunpowder  is   observed.      It   rapidly   impairs 
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its  strengtb,  and  in  time  prodnces  a  marked  change  in  the  stmc- 
tnre  of  the  grain;  the  nitre  efflorescing  on  the  surface  in  the 
form  of  a  white  powder,  and  the  whole  mass  being  formed  into 
cakes  and  limaps. 

FusiKo. — ^The  nitre  is  now  in  small,  perfectly  white  grains ;  bnt 
before  being  nsed  for  powder  it  h&fused^  for  the  purpose  of  driving 
off  any  water  which  may  be  retainied  among  the  particles,  so 
that  it  may  be  accurately  weighed.  It  should  never  be  fused  at 
a  higher  temperature  than  600^,  as  beyond  that  it  is  apt  to  ]>e 
injured  by  partial  decomposition.  It  should  not  contain  more 
than  1-3000  part  of  chlorides ;  but  for  powder  which  is  to  be  used 
at  once,  this  degree  of  purity  need  not  be  required ;  and  this  fact 
gives  the  means  of  reducing  considerably  the  proportion  of  nitre 
in  a  powder  designed  for  immediate  use.  When  fused,  the  nitre 
is  cast  into  flat  cakes  and  allowed  to  cool.  In  the  manufacture  of 
powder  in  this  country,  the  nitre  is  not  fused  after  it  is  reduced 
to  fine  pure  grains,  unless  it  is  to  be  kept  for  some  time  before 
being  used.  Bnt  in  Europe  it  is  looked  upon  as  an  important 
step  ;  though  objectionable  on  some  accounts,  as  with  too  high  a 
heat  it  is  partially  decomposed,  oxygen  being  driven  off. 

SuLPHUB. — Sulphur  is  found  in  all  volcanic  countries  in  great 
abundance.  Sicily  supplies  the  principal  part  of  the  market.  It 
is  found  there  in  large  masses,  very  nearly  pure.  The  greater 
part  of  that  used  in  the  United  States  comes  from  the  French 
refineries. 

Refining. — ^Before  being  used  in  the  manufacture  of  powder, 
this  substance  has  also  to  be  refined.  Two  methods  are  used,  one 
by  simply  fusing  it,  when  the  heaviest  impurities  sink  to  the  bot- 
tom of  the  vessel,  and  tlie  lightest  rise  to  the  top.  The  interme- 
diate portion  being  left  pure,  may  be  witlidrawn.  The  other 
method  is  by  sublimation,  by  which  the  sulphur  is  vaporized  at 
about  170°,  and  again  condensed  in  the  form  of  a  fine  powder 
called  "  flowers  of  sulphur."  When  molted  aud  run  into  moulds, 
it  is  called  "  roll  sulphur." 

Characteristics. — Pure  sulphur  is  of  a  citron-yellow  color,  has 
a  shining  fracture,  and  crackles  when  pressed  in  the  hand.  Its 
specific  gravity  is  2.033,  which  ia  reduced  by  sublimation  to  1.900, 
and  still  further  by  trituration.    It  melts  at  220%  but  at  320° 


FABEICATION. 

u!kt»  tbo  cansuteacy  of  paste,  and  Bublimos  or  vaporizes  at  680°. 
Lwnliible  in  wutcr,  but  iu  oils  and  alcohol  it  is  soluble.  As  when 
pan?  it  b  entirely  coiisnmod  by  combustion,  a  simple  test  of  its 
furily  is  to  burn  some  on  a  clean  surface,  and  see  if  any  residue 
raukins. 

iliStiFAcTTKE. — Uaving  described  tbe  different  substances 
whicb  L-ntcr  into  the  composition  of  gunpowder,  we  will  now  pro- 
iv:^  to  ttiu  mauufuctiire  of  this  last,  which  consists  in  pulverizing 
the  ingredients,  incorporation,  compre-esiou,  granulation,  drying, 
glaitn^,  and  dusting. 

I'oiyiHWG-MiLL. — Two  methodfl  of  making  gunpowder  are 
iiwhI,— by  Uie  pounding-mill  and  by  the  rolling-raill.     In  the 
]K^aniling-mill  the  ingredients  aro  pulverized,  incoqtorated,  and 
CI >ui pressed,  at  tlic  sftino  time,  by  thu  i>cstle8  :  twenty  or  twenty- 
four  mortars  and  potttlce  are  placed  in  two  rows  in  the  mill ;  the 
tnorlAni  are  nearly  BpLcrieal,  and  dug  out  of  a  piece  of  oak,  hav- 
ing ft  piwe  of  harder  wood  in  the  bottom.    Each  mortar  receives 
all  lUt  twenty  lbs.  of  composition.    Tlie  charcoal  in  small  pieces  is 
Srvt  placed  in  with  a  quantity  of  water,  an<l  pounded  for  half  an 
lioiir,  after  which  the  saltpetre  and  then  the  sulphur,  previously  pul- 
I  nriiod  and  sifted,  are  put  in,  and  the  whole  well  mixed  with  tlie 
d  ;  and,  after  being  pounded  for  an  hour,  it  is  transferred  to  the 
IZt  mortKr,  and  so  on,  changing  every  hour.     At  the  sixth  or 
ti  ehaDgu  add  a  half-))int  of  water,  to  guard  against  explosion. 
iiift  tbv  tut  two  iionre  no  change  is  made,  in  order  to  allow 
i  ootnposidoR  to  form  into  cake.    It  is  then  taken  from  the 
Dintar,  tha  moisture  rtvluctHl  to  four  per  cent.,  and  then  grained ; 
'  r  which  purpose  it  is  partially  dried  and  placed  in  a  graining- 
e  of  paivhmt^Qt  pierced  with  holes,  which  is  moved  by  hand 
E«r  macbhier^',  wlulet  a  lenticular  disk  of  bard  wood,  weighing  five 
*~  L  breaks  Dp  thu  powder,  wliidi  passes  through  the  holes  as  soon 
mtly  reduced.    Tlio  cakes  tnay  also  l)c  grained  by  being 
between  wood<m  rollers.    Tlie  grains  arc  then  sifted,  to 
•  Aoao  wliieh  are  too  coarse  and  too  fine,  as  also  to  sepa- 
k  die  dHTorent  kinds — cannon,  musket,  and  riBe — from  each 


Gt-unxo. — About  five  hundred  lbs.  of  it,  containing  about  three 
r  cent,  of  mgistnn:,  is  then  placed  in  a  large  gliuing-barrcl,  and 
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glazed  by  revolving  the  barrel  fifteen  or  twenty  times  a  minute 
for  twenty-four  hours  or  less,  according  to  the  degree  of  glazing 
required.  Glazing  is  necessary  in  order  to  prevent  the  absorption 
of  moisture,  and  breaking  up  of  the  grains  in  transportation — 
forming  dust,  which  sifting  through  the  bags  reduces  the  charges, 
and  retards  the  inflammation  by  choking  up  the  interstices  be- 
tween the  grains. 

Drying. — ^The  powder  is  then  dried,  either  in  the  open  air 
or  in  a  drying-house.  In  the  first  case  it  is  spread  on  sheets 
placed  on  tables,  and  allowed  to  remain  ten  or  twelve  hours, 
being  stirred  frequently  to  expose  it  well  to  the  sun.  When  the 
sun  is  too  hot,  it  is  sometimes  necessary  to  cover  the  powder  over 
to  prevent  the  loss  of  the  sulphur.  In  a  drying-house,  it  is 
exposed,  in  layers  of  from  one  to  four  inches,  to  a  current  of  air 
heated  to  140°  by  means  of  a  furnace  or  hot-water  pipes. 

Dusting. — ^It  is  then  dusted  by  being  sifted  in  fine  sieves  or 
bolting-cloths,  order  to  clean  it  thoroughly  and  cool  it  before 
being  barreled.  The  dust  may  be  worked  over  again  to  make 
inferior  powder,  or  mixed  with  other  composition  in  the  pound- 
ing-mill. 

Time. — It  requires  from  eleven  to  fourteen  hours  to  make 
powder  by  this  process.  This  time  may  be  somewhat  reduced 
by  previously  pulverizing  and  mixing  the  ingredients  in  rolling- 
barrels  formed  of  strong  leather  or  hides  stretched  over  a  frame- 
work, the  slats  of  which,  nine  inches  apart,  pit)ject  half  an  inch 
inwardly.  Each  barrel  contains  100  lbs.  of  zinc  or  composition 
balls  which  serve  to  pulverize  the  materials  when  the  barrel  is 
revolved  around  its  axis.  The  charge  for  a  barrel  is  fifty  lbs.,  and 
the  elasticity  of  the  leather  prevents  the  powder  from  adhering  to 
the  sides,  as  it  would  do  with  wood. 

Rolling-Barrels. — ^The  charcoal  and  sulpliur  are  first  placed 
in  and  rolled  for  two  hours,  to  pulverize  them ;  the  saltpetre 
(refined)  is  then  added,  and  the  rolling  continued  for  two  hours 
longer ;  when  ten  per  cent,  of  water  is  added,  and  it  is  pounded 
in  the  mortars  for  three  hours ;  or  it  may  be  spread  in  thin 
layers,  moistened  with  the  same  quantity  of  water,  distributed 
equally  with  a  fine  watering-pot,  and  brought  to  a  state  of  cake 
by  pressure  in  an  hydraulic  or  screw-press ;  and  this  method  of 
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r'-nniiif  tbo  puwlur  into  cakcn  is  Bumetimce  adopted  after  the 
-c^rraditotts  haw  l>ev»  incorporated  in  tlie  pouiidiiig  or  cvliiider 
iiiUU. 

Tbe  poonding-niill*  aro  need  altogellier  in  France,  for  the  mil- 
itary MTvlcc ;  but  the  charcoal  used  is  made  in  open  pits  (d  fair 
aifr)  wliero  it  ifl  more  tJioroughlj-  burnt  and  hecnmea  more  fria- 
Mo  iluui  cylinder  co»I,  wliicli  liist  ie  too  hard  to  be  pulverired 
•ufficiaitly  by  the  action  of  the  peBtleE. 

CrunrriEE  OB  ItoLUKo  Mii.i„ — Fig.  3.    The  cylinder  or  rulllng 

mill  tucd  in  EnfiUnd  Hnd  thi»eountry 

cMksiiU  >if  a  cireidar  b«d  nf  cast  iron 

■  T  n:«rble,  tlie   inner  diameter   of 

fI.Ii'};  is  abuni  three  feet,  and  twu 

rrlimttT^  nr  wboolfi  weighing  about 

tti  i<<uB  each,  of  the  bhuiu  material, 

which  ran  on  this  bi.-d,  followed  by  u 

Tfj-iilcn  plow  which  tliixiws  the  ma- 

teriklK  ttfiranU  the  centre   of  the 

inck.    Ttie  cylinders  rovulvo  about 

t  titDM  A  ininntc,  and  run  from 

I  balT  to    tiireo  hours   on    fifty 

I  of  compoaition.    The  pow- 

rii  therefore  made  mnch  qnickur,  and  it  is  found  tliat  it  exhibits 

■greater  dogru:;  of  strungtli,  in  CHnnoa,  than  powdor  incorporatod 

■Bit  otbor  way ;  but  thin  sup«riority,  though  uniform,  ie  not  so 

t  M  to  give  the  roIling-ntiUM  an  absolute  preference  over  all 

rtBfllhudt  of  incorporation,  so  far  as  regardE  the  strength 

1  the  choice  between  tliem  muE.t  be  decided  by  the  relar 

t  Adooomy,  and  the  otiier  qualities  which  each  imparts. 

Experiuieiita  in  this  conntry,  as  well  as  in  Frnneo,  Bccm  to 

rire  the  preference  to  the  rolling-mill  powder ;  bnt  the  pounding- 

s  itill  retained  in  France ;  where  it  is  claimed, — 1.  Tliat  the 

tnding-mtU  tnakc*  jwwder  better  adupti^  to  the  promiscnoua 

vi  mII  arnu).     S.  Tliat  it  is  Icbs  Injured  by  exposure  to 

iture;  and  3.  Tint  it  ta  lofi«i  injurioufi  (o  the  gim.     Ilie  tiret 

b«f  no  ulvantage  In  the  United  Htntes,  as  we  use  different  kinds 

l|f  powder  for  eanoun  and  small  arms;  and  rolling-mill  powder 

mj  be  ao  worked  as  to  render  it  equally  resistant  to  moisture. 

■  fa  the  ihinl  place,  by  a  elmple  alteration  in  tlio  cartridge  (rcdu- 
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cing  its  diameter),  the  destructive  force  of  dense  powder  on  the 
gun  is  reduced  without  diminishing  its  projectile  force ;  and  this 
may  be  further  reduced  by  the  reduction  in  the  charge  which  we 
are  enabled  to  make  in  dense  powder,  from  its  greater  force.  Li 
small-arms,  the  barrels  are  so  strong  that  the  destructive  effects  of 
the  small  charges  used  constitute  no  objection  to  the  use  of  a 
powder  more  violent  even  than  the  strongest  rifle-powder  pro- 
posed to  be  made.  The  pounding-mill  powder,  in  order  to  be  of 
a  force  nearly  equal  to  rolling-mill  powder,  must  be  worked  not 
less  than  fourteen  or  sixteen  hours ;  and  even  then  the  grain  is 
hardly  firm  enough  to  resist  the  jolting  of  ammunition  wagons. 
Tlie  force  retained  by  some  Waltham  powder  after  being  kept 
for  thirty  years  without  special  care,  speaks  strongly  in  favor 
of  the  English  mode  of  manufacture. 

It  is  a  characteristic  of  gunpowder,  that  the  greater  the 
opposition  offered  to  the  expansion  of  its  gases  whilst  the 
powder  is  burning,  the  greater  becomes  the  force  developed. 
Tliis  fact  is  taken  advantage  of  in  various  ways  in  the  science 
of  artillery.  Thus,  for  instance,  a  gun  is  made  smaller  at 
the  seat  of  the  charge  by  making  use  of  a  chamher^  because 
the  powder  is  thereby  more  confined,  and  a  greater  force 
developed ;  and  it  is  found  that  the  form  of  chamber  which  de- 
lays the  escape  of  the  gas  the  longest,  is  productive  of  the  great- 
est force,  though  for  other  reasons  it  is  not  adopted.  In  firing 
shells  from  mortars^  where  the  angle  of  elevation  is  45**,  and  the 
weight  of  the  projectile  almost  directly  opposed  to  the  effort  of 
the  powder,  we  are  enabled  to  reduce  the  amount  of  the  powder 
useil,  on  aecoiAit  of  the  increased  force  developed.  Thus,  too,  in 
blasting  roc*ks,  the  amount  of  execution  by  a  small  charge  of 
powder  is  apparently  out  of  proportion  to  its  size,  on  account  of 
the  manner  in  which  the  powder  is  confined.  Good  powder 
should  be  perfectly  free  from  dust  Smooth,  brilliant  grains  are 
more  solid  and  fit  for  war  purjH^so  than  tliose  which  are  not  so. 
AVhen  the  grains  are  porous,  combustion  takes  place  more  rapidly, 
and  the  powder  approaches  more  nearly  a  bursting  powder.  Thus 
a  powder  which  has  absorbed  a  certain  quantity  of  moisture,  and 
been  redried,  may  become  more  destructive  to  guns  than  when 
first  taken  fnmi  a  magazine. 

Gunpowder,  in  order  to  be  of  gi>od  quality,  should  have  the 
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n^rrwiicnta    carefully   prepared    and   thoroughly   incorporated, 

'■'tild  bo  perfoclly  dried  and  highly  gluzed ;  all  of  which  are 

']■.■  not  only  to  the  production  of  the  greatest  force,  but  to 

^  >.-otnha«tion  of  the  grains  and  the  rapid  transmission  of 

I-  through  the  whole  niaaa  of  the  powder.     The  injui^ 

'■   T  ■  powder  by  moisture,  is   too   apparent  to   need   any 

■:    -  <  I'inment  on  thenet-essity  of  drying  it  well.     Glazing  doea 

.;:>  Lt  tlicGtretigth  of  powder;  and  though  it  lessens  somewhat 

:' ■:  ...[idilyof  burning,  this  is  more  than  conipeneated  by  the 

'l-  iriMfji-a  n;&ulting  from  the  process.     Tlie  preparation  of  the 

.ii:i:.-rKi]if  having  been  previonsly  noticed,  it  now  remains  to  refer 

V  i:i<  Mther  conditions. 

I  'lvbitt. — ^Tlie  more  a  powder  is  worked,  the  more  dense  it 

— rut-^.  and  up  to  a  certain  point  the  gi-eater  is  the  force  of  the 

•-.  1'iit  beyond  this  limit  it  is  found  that  uo  increase  of  force 

till'  continued  working,     llio  density  of  gunpowder  may 

r.<\imatcly  determined  by  taking  the  weight  of  a  cubic 

MHce*.     Thia  is  called  the  jprtmwwirw  density,  and  is  ob- 

■y  means  of  a  fframmeter,  a  brass  cylindrical  vessel  hold- 

^  1  -'7  Lif  a  cnliic  foot  (64  cubic  inches).    By  taking  the  weight 

;   r;  ,   .-t.nUmt*  when  looea  and  after  being  shaken,  the  relative 

.-:■  ;  .i.iriiy  and  (tize  of  llic  grain  will  he  indicated  by  the  diffcr- 

_     LiiLv.    Kx]K!rini«iit«  allow  that  Uie  gravimetric  density  of  cannon 

HOwder  iibouM  not  he  less  than  870,  nor  greater  than  930. 

^H      SpRxnc  GaAvrrr. — Qiinpowder  being  but  a  mechanical  mix- 

^Hjir^  wato^nadily  dissolves  out  the  nitre,  and  its  specific  gravity 

^HiMtKft  be  ilutvrmincd  directly.     The  French  use  the  following 

^H|Hlh(K):     A  cylindrical  glass  vessel  of  uniform  diameter,  tlio 

^"l%M  well  ground,  to  wUieU  is  adapted  a  polished  glass  cover  so 

nWf:  a*  to  benuetrically  seal  tlie  vessel,  ii  filled  with  distilled 

▼atcr,  carefully  cluaed  by  sliding  on  the  cover  so  as  to  exclude 

tV  nir,  and  aftvr  being  wiped  dry  on  the  outside  i«  accurately 

«<  rfrli'-d,     Tlie  weight  of  tlie  veaael  and  cover  having  been  previ- 

^utU  .L-Mrurtainul,  lake  tlie  difference,  which  will  give  the  weight 

'{  *  4i.r  which  the  vesM;!  holds  (  W).    Find  in  the  same  manner 

tV-  wtiijilil  (ir')  of  a  baturated  solution  of  nitro  which  the  vessel 

Ifihli.     I'onr  out  a  portion  of  this,  and  ponr  in  1500gmiu8  of 

guapowdcr  idoviy  so  as  to  exclude  the  air ;  fill  up  with  the  satu- 
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rated  solution,  put  on  the  cover,  wipe  the  vessel,  and  again  weigh 
it.  From  this  weight  subtract  the  weight  of  the  vessel  and  cover 
and  the  powder.  The  remainder  will  be  the  weight  of  the  satu- 
rated solution  occupying  the  vessel  with  the  powder.  Subtract 
this  from  tlie  weight  of  tiie  solution  before  found,  and  the  remain- 
der will  be  the  weight  («>')  of  the  solution  which  occupies  the 
same  volume  as  the  powder.  Tlien  W  :  W::  w' :  «?=the  weight 
of  an  amount  of  water  equal  in  volume  to  the  powder;  and 
w  :  1500  grs.  : :  spec,  gravity  of  water  (or  1)  :  specific  gravity  of 

powder.  Or,  specific  gravity  of  powder= ^— '.  This  opera- 
tion is  repeated  three  times,  and  the  mean  taken.  Alcohol  may 
be  used  instead  of  the  solution ;  though  neither  of  them  gives  per- 
fectly accurate  result*.  Tlie  principal  reason  for  this  seems  to 
be  the  diflSculty  of  expelling  all  the  air  in  the  powder.  Another 
cause  of  error  in  the  use  of  nitre- water  is  the  difficulty  of  keeping 
it  in  a  state  of  saturation,  the  heavier  portion  settling  to  the  bot- 
tom ;  and  a  still  greater  cause  of  error  may  result  from  a  slight 
change  of  temperature  during  the  experiment,  causing  the  solu- 
tion to  deposit  some  of  its  nitre,  or  take  up  some  of  that  of  the 
powder.  By  placing  gunpowder  in  any  lic^uid,  such  as  rectified 
alcohol,  sufficiently  thin  to  penetrate  all  the  pores  of  the  grains, 
it  must  be  in  a  great  measure  disintegrated,  and  furnishes  thus, 
not  the  specific  gravity  of  the  mixture  which  forms  the  powder, 
but  the  combined  specific  gravity  of  the  ingredients  themselves  ; 
and  the  results  would  depend  less  on  the  intimacy  of  tlie  mixture 
than  on  the  trituration  of  the  ingredients,  which  increases  the 
spec*ific  gravity  of  charcoal,  while  it  decreases  tliat  of  snlphnr. 

Packing. — United-States  powder  is  packed  in  barrels  of  100 
lbs.  each  ;  the  barrels  being  large  enough  to  allow  vacant  space 
sutfieient  for  the  powder  to  move  when  rolled,  to  prevent  its 
caking.  They  are  made  of  well-seasoned  white  oak,  hooped  with 
hickory,  cellar,  or  copjH?r.  Cellar  is  less  liable  than  hickory  or 
oak  to  the  attack  of  worms.  Tlio  lux^ps  should  cover  two  thirds 
of  the  barrel,  and  when  made  of  copjHT  are  fastened  with  copper 
nails.  A  screw-hole  one  and  a  half  inches  in  diameter  is  made  in 
the  head  of  the  barrel,  and  eh>seil  with  a  wtHxlen  sitcw  with  an 
octag^mal  head,  which  n»ndoi*s  the  n^uoval  of  the  head  of  the 
barrel  unnecessary,  and  theJuK^jvs  can  bo  setnircd  with  copper 


nftlU.  To  ppjU'ct  llin  i>i»wili,T  fruin  moistnre,  a  tliin  washer  of 
!i-tttl«T  stwjjcd  in  a  wliitioii  of  boeswax  in  epirits  of  turpentine  » 
■\:lc^.A  unJor  the  head  of  the  screw ;  and,  for  transportation,  a 
].'.i—i-  •■{  i-loth  should  he  ghied  over  the  head.  Diiueusions  of 
j-jwdur-harTttls,  £(*J  in.  long  hy  14  in.  in  diameter  at  the  hoad. 

IsBFBCTios. — The  powdur  received  into  the  United-Stutcs  ser- 
»ioc  is  iaspoctt.'d  and  proved ;  a  sample  for  which  ie  takt-n  from 
-at-h  harrcl  by  means  of  aii  extractor,  a  copper  tube  18  in.  lonj^ 
»tKl  1  in.  in  diameter,  pointed  at  the  end  and  having  an  opening 
•lo-ul  U  in.  from  that  end,  by  covering  which  with  the  band  the 
,,,,;  -.-r  iim  be  |>ourud  from  lljc  mouth  of  the  tube.  Each  sample 
:  '  .L  - 1  in  a  tin  canister  marked  with  a  number,  a  corre^pooding 
:.u  i.f  being  placed  on  the  barrel  from  which  it  is  taken.  TIiesD 
■  irapk'i  arv  inspected,  and  the  charges  weighed  from  them  when 
ihe  itnmgtii  u  Ictitvd. 

CiLAJCAcrKki^Tice. — ^Tlio  powder  should  have  an  even  grain, 
iogular  and  irregular  in  rorm  ;  eurli  being  the  form  which  espo- 
u»  mcut  surface  to  tho  dame,  ami  therefore  bums  most  rapidly  : 
muid  graiua  burn  elowc&t.  It  should  be  so  hard  as  not  to  be 
■ly  i:raabcii  by  pressure  with  the  finger,  shoHld  leave  no  dust 
B  pODTud  on  the  back  of  the  hand,  and  should  leave  no  bead 
feCndiKM  when  flashed,  ten  grains  at  a  time,  on  s  poUtJicd  cop- 
r  (date.  The  eUe  of  tho  grains  is  tested  by  means  of  sieves 
I  boles  of  thv  maximum,  minimum,  and  medium  size,  for 
b  kiad  of  pMwder.    Ten  gm.  troy,  contain  of 

outmur  rowDKE.        uusxkt  powder.        eiflx  powder. 
130  grain*.  2,000  or  2,500  grs.   12,000  or  15,000  grs. 

I  ITniBlIf ,  tho  nnifopinity  and  size  of  grain  is  judged  of  by  mere 

I  pBoroimo!ra. — Brfore  mixing,  the  ingredients  are  carefully 
^H  in  the  proper  proj^iorl ions.  Tliese  depend  upon  tho  kind 
■powdiT  to  be  made.  When  it  is  remembered  that  on  the  i|nnn- 
y  u(  tiiy fr»"*>  priMHint  depend*  the  rale  of  burning  of  the  charcoal, 
l»ill  rradily  be  perceived  wliy  it  is  that  to  produce  a  quiek- 
nuBg  powder  we  must  increase  tlie  amount  of  nitre;  as  the 
!  amount  of  consistency,  however,  i«  reipiired,  the  anlphiir, 
ll  produces  this,  remains  the  same,  and  tlie  nitre  is  incn^ascd 
I  (lie  i:xpvnfte  of  tliu  eharcflal.     IMffcrcut  nations  vary  slightly 
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the  proportions  for  military  powders.    In  the  United  States  two 
sets  are  nsed,  as  follows : 

KTIBE.  CHAB(X>AL.  8ULFHUB. 

(1)  76  U  10 

(2)  75  15  10 
This  also  is  the  English.    In  France  the  proportion  is — 

75  12i  12i 

and  in  Prussia,  75  13^^  lli^ 

For  sporting-powder,  which,  of  course,  bums  much  quicker 
than  other  kinds,  France  and  the  United  States  have  adopted — 

78  12  10 

which  England  has  varied  slightly  by  taking — 

78  U  8 

and  75  17  8 

In  blasting-powders,  which  it  is  not  necessary  should  bum 
fast,  France  has  adopted — 

62  20  18 

Gunpowder  explodes  when  suddenly  submitted  to  a  tempera- 
ture of  about  600°.  It  will  also  explode  when  struck  a  violent 
blow  with  a  hard  substance.  This  may  be  demonstrated  satisfac- 
torily by  firing  from  a  rifle  a  hollow  pointed  ball  having  a  few 
grains  of  powder  in  the  aperture  near  the  apex,  against  an  iron 
target:  on  striking,  the  powder  explodes.  It  is  more  than 
probable  that  many  premature  explosions  of  shells,  and  more 
especially  of  spherical-case  shot,  in  the  bore  of  guns  are 
due  to  this  fact,  instead  of  to  the  driving  in  of  the  fuze,  as 
has  been  sometimes  supposed.  Moderate  heat  applied  to  the 
constituents  of  gunpowder  separately,  produces  no  chemical 
change.  If  applied  to  sulphur  and  charcoal  mixed,  a  substance 
(bi-sulphuret  of  carbon)  is  produced  which  may  be  condensed  to 
a  liquid.  If  charcoal  and  nitre  be  reduced  to  fine  powders,  mixed 
and  heated,  the  two  combine  and  deflagrate,  as  has  been  stated, 
but  not  violently,  forming  carbonate  of  potassa,  nitrogen,  carbonic 
oxide,  and  carbonic  acid,  of  which  the  first  only  is  solid — com- 
bined in  such  proportions  that  none  of  tliem  are  left  imconsumed ; 
the  volume  of  the  gas  resulting  is,  of  course,  a  maximum,  and  is 
about  1,000  times  the  volume  of  the  ingredients.  This  combina- 
tion would  give  but  small  projectile  force  in  a  gun,  as,  burning 
but  slowly,  it  would  only  be  partly  consumed,  and  throw  the  rest 
of  the  charge  with  the  ball  jfrom  the  gun,  producing  on  the 
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ImU  but  little  eff«ct.  Sulphur  and  nitre,  powdered,  mixed,  and 
*  :,■  :t  1'  !i(.'at  ttppliud  eu  as  to  first  melt  tliem,  explode  with  great* 
.  liiough  tlie  (las  evolved  ia  somewhat  less  in  volume  tJian 
[iicrcase.  The  greater  %-iolence  is  probably  due  to  the 
■  rv  iniimate  raixtnre  of  tlie  two  eubBtances  in  eonsequence  of 
■iiiJr  li>itud  state,  and  tlie  greater  heat  resulting  from  the  burning 
■  f  the  colphtir.  The  Bubtttances  formed  in  this  case  are  miphuret 
'fpotOMtiuni,  nitnkfen,  and  9ufj>/ivroits  acid.  A  mixture  of  tfaie 
kind  would,  in  its  effect,  riwemble  too  Btrongly  a  fulminating  pow- 
<ier  to  be  umk)  lui  a  projectile  furee,  and  would  probably  burst  tlie 
_"jii-  Xow,  a  powder,  tn  give  a  good  projectile  force,  must  neither 
'■  ii  1.  I  ■■■  sliiw  fu  in  the  first  case,  nor  too  fast  as  in  the  last ;  bo  by 
•  ilin^'  fJphvr  to  the  first,  we  increase  the  intensitj-  of  the  flame 
;r.  i  r,.:c  of  burning,  and  by  charcoal  in  the  second,  produce  the 
-  'jtrarv  effect,  tlins  striking  the  medium  and  producing  gun- 
■.-"■l-r.  Tbc  proportion  of  the  ingredients  has  been  arrived  at 
l-y  calculation  (by  means  of  their  ehemieal  equivalents);  and 
rtf>c«Icd  tucperiiueiit^  give  results  almost  idcnticaL 

TIttIA, —  NTTEE.  CBAECOAL.  SlTlTHra. 

Atomic  theory,       74.61  13.51  11.85 

Practice,  70  14  10 

PrBwift  luu  followed  the  theory  even  more  closely,    Thue, 
75  13.5  11.5 

CinncnHCi. — ^Tlie  sabstanccs  reenlting  from  tlic  cunibuiition 
•i  (^powder,  arc  nitrogen  imd  carbonic-acid  gas— both  highly 
t^Mlic  ga«c*;  tnlphnret  of  potat^eium,  whicli  jiroduces  the  sul- 
pbarons  «n)oke,  and  in  part  adheres  to  the  sides  of  the  bore. 
BroBght  in  contact  with  water,  sulphiircted  hydrogen  is  producecfi 
■"■wing  tlie  offensive  emell  noticed  in  washing  oat  a  gun. 

It  liu  been  statvd  that  burning  a  small  quantity  of  po«'dcr  is 
1  j^A  \v*t  of  ilB quality  ;  leaving  no  residue  when  burnt  on  white 
[-•[-T.  t1nTcfor«,  showi  tlic  proportions  are  correct  and  the  pow- 
\:r  {iniju-Hy  iiiiide.  Sboald  it,  however,  blacken  the  paper.  It 
-i<i.taiii»|4»o  much  charcoal;  while  a  yellow  stain,  shows  too  much 
<nl]-tiiir.  Its  color  ibauld  bo  a  dnll,  brownish  black  or  slate,  not 
i:ti;iWip.  If  blank,  too  much  charcoal  has  been  used;  and  this 
'.-dn;;  the  principal  absorbent  in  powder,  such  a  one  will  soon 
'Wtcriorale  from  moisture.  The  grains  should  be  sharp  and  angu- 
iv,  A*  tliGM  proicnt  a  greater  surface  to  the  action  of  the  flainp 
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and  ignite  quicker  than  round  grains.  When  thrown  from  the 
liand  it  sliould  leave  no  dust,  which  fills  up  the  intervals  between 
the  grains,  and  forming  a  compact  mass  retards  combustion  very 
much.  When  the  grains  are  very  large,  a  mixture  of  fine  grains 
(not  dust)  is  advantageous,  as  they  serve  to  transmit  the  flame 
from  one  grain  to  another,  and  thus  assist  combustion. 

Ignition  and  combicstion  of  powder  must  not  be  confounded. 
Ignition  takes  place  when  it  begins  to  develop  light  and  heat,  and 
this  takes  place  from  grain  to  grain  with  great  rapidity,  assisted 
as  it  is  by  the  gas  first  produced  forcing  the  flame  through  the 
other  portion  of  the  grains.  Combustion  takes  place  more  slowly, 
and  refers  to  the  total  decomposition  of  all  the  grains,  and  the 
total  evolution  of  all  their  gases. 

The  larger  the  grains,  the  more  rapid  is  the  ignition,  but  tlie 
slower  the  combustion.  With  small  grains  the  ignition  is  slower, 
but  the  combustion  much*faster ;  and  hence,  in  small-arms,  when 
small  grains  are  used,  the  projectile  gets  the  full  force  of  the 
powder  in  a  smaller  space  than  in  large  guns. 

Powder  is  a  poor  conductor  of  heat ;  and  hence,  in  a  compact 
mass,  as  a  rocket  filled  with  meal-powder,  or  a  cake,  if  one  end 
is  lighted,  combustion  will  take  place  very  slowly.  This  shows 
the  importance  of  graining  powder. 

•  Eammino. — ^In  small  arms  the  charge  is  rammed  ;  because,  be- 
sides increasing  slightly  the  distance  the  ball  has  to  pass  over 
before  leaving  the  gim,  it  retards  slightly  the  ignition  of  the  pow- 
der, which,  from  the  rapid  combustion  of  small  grains,  has  still 
time  enough  to  develop  its  full  force  before  the  ball  leaves  the 
bore.  Hamming  is  not  advantageous  in  large  guns ;  since,  as  it 
decreases  the  ignition,  the  large  grains  would  not  all  be  consumed 
by  the  time  the  ball  reached  the  mouth  of  the  piece. 

Pkessure. — Supposing  a  powder  to  be  formed  according  to  the 
tlieory  of  chemical  equivalents,  which  is  nearly  in  accordance 
with  the  practical  formula,  it  is  found  that  135  grains  occupying 
a  space  of  about  3-10  of  a  cubic  inch,  will  furnish  gases  which 
occupy  about  623  times  that  space.  But  in  an  explosion  these 
gases  are  evolved  at  a  very  high  temperature,  which,  of  course, 
increases  immensely  their  bulk,  besides  converting  the  sulphuret 
of  potassium  into  vapor.  The  volume  has  been  estimated  as  high 
as  5,000  times  the  original  bulk ;  and  Gen.  Piobert  estimates  the 
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Vkty  lu&xiiuum  pi'dspui'e  of  tlicse  gases  ou   a  projectile  kt 

been  3,iX)0  and  3,0iJ(>  lbs.  to  the  B(]uai-e  inch.     Figures,  hor- 

luiavly  approximalionn,  and  no  detiaitu  idea  can  be 

1  of  tlie  abeolutf  force  of  gunpowder.   Tlio  expansion  of  pow- 

^buwcviu-,  like  urvrv  tiling  '^If'*  haK  \H  limil ;  and  the  idea  oucl> 

ined,  that  a  tliitnbleful  of  powder  coiupletelj  confined  at 

Itceoter  nf  th«  i-arlli  would,  if  ignited,  produce  a  general  eartb- 

t,  u  now  rxplodetl.     Daring  st'ine  recent  cxjteriinente  with 

ision  (nzc*.  an  8-inc1i  Hliell  wan  charged  with  i  lb.  of  fine 

r-powder,  and  a  broiiae  fuxe-plug  screwed  in.     Tlie  abell  did 

t  Mplodc,  but  on  being  rw-overod  and  an  atlcinjit  made  to  un- 

Bw  the  fnze  plug,  it  wa»  found  imjioseible  to  remove  it.     An 

nirt  to  roiiiovc  au  iron  Rcrew  which  etop]>ed  a  smaller  liole 

1  for  ciiargtng  tlie  Ahell,  met  witli  a  similar  result.     By  means 

tokl-cliiivli  and  punches  a  Iiole  was  now  drilled  tlirougb  ;  but  i»> 

1  entrance  made  than  tho  tool  was  hurled  from  the 

arkman'tf  hand  afross  tlie  room,  he  htm&elf  was  knocked  back- 

■ird  with  a  ftit.-lingon  bis  hand  and  arm  ae  if  btimt.  and  the 

*a|iing  gaii  niadua  noise  like  tlic  escape-piiie  of  a  small  stcam- 

'z^pst.    Tlii*  ]>owder.  therefore,  in   a  gaseous  form,  had  been 

■•^Fd   ap  for  several  hourit  in  the  shell.    The  same  thing  oc- 

■nrrd  wrml  timei?,  and  the  workmen  ftoon  bceame  more  carctiil 

'■red  iKineuMion  nhelli'.    A  simple  remedy  was 

-  'T,  by  iTicreasing  tlie  charge  to  I  lb. 

>der  doea  not   intiame  instantaneously.     If  it 

I<t>  uinde  strong  ejiough  to  resist  ita  force.     Ita 

.  I  itdual  and  progressice,  and  in  a  gun  the  projoc- 

'  move,  probably,  before  all  the  charge  is  igni- 

;  jiient  nf  itA  force  is  afi'ecti><l  by  the  proportion 

.  il  oi^uupies,  to  tlie  space  around  it  in  Iho  gun. 

this  vacant  space  incroutie^,  tho  prujeetile  force ' 

itly  docreast^if,  while  tta  ahftoluto  force  or  fAoek 

TtiiK,  for  inxtance,  when  a  ball  is  not  rammed 

I   vt-d  by  the  iirst  portion  of  the  gas  evolved,  but 

rUtioiutry  until  nearlv  the  whole  forec  of  the  clipgc  is 

,  when,  acting  by  its  inertia  against  the  immense  »hoek 

ikW  force,  the  violent  reaction  uf  the  tluid  lakes  effect  before 

Ibftll  moTce,  and  hursU  the  gun.     In  the  same  way,  a  musket 

Jtmiuitc  lias  baea  stopped  with  mud,  or  even  enow,  han  been 
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known  to  burst  just  behind  the  obstruction.  As  a  gun  is  usually 
loaded,  the  ball  moving  with  the  first  gas  generated,  its  inertia  is 
gradually  overcome,  it  furnishes  space  by  degrees  as  the  develop- 
ment of  the  gas  reijuires  it ;  no  shock  is  felt,  and  nearly  the  whole 
Force  of  the  powder  is  transferred  to  the  ball  instead  of  the  gun. 

Testing. — Besides  the  tests  of  the  external  senses  applied  to 
l)owder,  analysis  is  sometimes  resorted  to.  The  simplest  method 
is  to  dissolve  out  the  nitre  with  pure  water,  and  the  sulphur  by 
the  aid  of  a  solution  of  potash,  thus  isolating  the  charcoal.  These, 
when  dry,  are  weighed.  Should  the  solution  of  nitre  precipitate 
nitrate  of  silver,  the  presence  of  common  salt  or  carbonate  of  soda 
would  be  shown.  K  it  blacken  a  solution  of  acetate  of  lead,  hy- 
dro-sulphuric acid  is  present ;  other  chemical  tests  may  be  applied 
to  determine  the  presence  or  absence  of  other  impurities. 

Kate  of  Burning. — Its  rate  of  burning  may  be  determined  by 
noting  the  time  taken  for  the  flame  to  travel  from  one  end  of  a 
uniform  groove,  in  a  plank  or  piece  of  metal  filled  evenly  with 
powder,  to  the  other,  j)rotecting  the  flame  from  the  action  of 
winds,  &c.  The  relative  rates  of  two  similar  kinds  of  powder 
may  be  determined  by  filling  such  a  groove,  circular  in  form,  one 
half  with  each  kind  of  powder,  and  applying  a  light  at  one  of 
their  }>oints  of  meeting.  Of  course,  the  one  which  bums  past  the 
opposite  j>oint  of  meeting,  is  the  fastest  powder.  This  test  is  the 
most  satisfactory  when  applied  to  small-grained  powder,  which 
can  be  placed  evenly  in  the  groove.  All  the  powder  used  in  the 
United  States'  service  is  made  in  private  factories ;  but  before 
being  accepted,  is  examined  and  tested  by  officers  of  the  army, 
who  apply  all  the  foregoing  tests,  besides  applying  those  in  regard 
Xo  Strength.  These  last  have,  until  late  years,  been  very  unsatis- 
factory and  imperfect,  being  the  results  of  ex|>eriments  with  the 
^fiortar  tprouiytt<\  the  inaccuracy  of  which  will  be  presently 
sh«'wn.  Since  the  aduptiun  of  the  "gun-]»i*mlulum  eprouvette,'" 
i?meh  more  satisfactorv  results  have  been  obtained  :  but  it 
rvmained  for  Capt.  Xavez,  of  the  Belgian  army,  to  attain  the 
iii*:hest  degree  of  accuracy  in  determining  this  important  element 
of  gunpowder,  by  the  invention  oT  the  wouvlorful  electro-ballistic 
apparatus. 

Testing  wrra  the  Mortjlr  ErKvnvKrrK.  -  IVwdor  wa*  formerly 
touted  by  means  of  the  nK»rtar  oproux  otU\  a  wnail  piece  used  for 
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liiu  }iarpti«c  done,  ftud  uatit  witli  ah  iroTi  tjiKl-pii>cti  (or  sole),  tbu 

I'lfiiK  "f  wlni-li  ttiHkca»  an  aiij^lc  tit'  45"  witli  tbe  axis  of  tiie  piece. 

■c.  eoiintereiink  in  receive  the  [lit-cti  cast  on  the 

iiUeed  in  a  levol  position,  au  that  when  the  lugr- 

.  its  axia  haB  an  elevation  of  45'.     It  is  earefnUy 

,   iWdiT  to  Ik'  tried,  ami  a  hall,  which  is  first  accw- 

tjd  then  Bred.     Being  olevatwl  at  45"  the  range 

.  -f  poBfiibte  for  that  quantity  cf  that  kind  of  jiow- 

... ,.  ,.;.■.  i-.r  lIiHt  piece ;  but  M'ill  it  he  indicative  of  it§  strength  in 

iuy  i.;|]i>r  tisaiitilv  nr  piece  I    It  i§  found  that  the  force  of  powder 

!  -■-  I, ..I  iucrea^  at  all  regularly  as  the  quantity  in  the  eharge  is 

:i -"Iv.iblJ,  hut   irregnlarly,  and    in   a   much  greater  proportion, 

T:i>'  T' -tilt  tliuii  ubtaiiiLHi  by  ueing  a  :<niull  eharge  gives  no  indica- 

■  •\   ihu  4-fri>et  with  n  largv  miu,  when  the  hvat  is  m  mucli 

,-r  -'.. ',   aiid   e<jii»equei)tly  tlit   ten.-*ion   of  the  ga<ics  so  iimeh 

,M  ri-.isti.     Tltc  epronvette  mortar  being  very  short,  if  the  j>ow- 

tU^  uied    t#  a  very  qniiik  one,  of  fine  grain  (rifle-pfiwder,  for 

»),  the  whole  foree  will  bu  expended  nn  tlie  hall  before  it 

net  the  pieces,  and  a  greater  range  will  be  i>btaine<l  than  with 

K&ugeiErainiHi,  Hlow-hiiniing  powder  niieh  a±  in  used  in  eannon. 

tl  viperiiiient  has  fully  demnuHtrated  that  tliis  last  !«  the  very 

J  of  powder  which  in  practice  gives  the  greatest  ranges ;  so 

it  tke  mortar  epronvette  gives  in  this  case  the  verj-  opposite  of 

ttnitb.     It  ba*.  tliorcfore,  been  discarded  a*  a  proper  test  for 

r  itn-ngth  of  powder;  though,  for  want  of  a  >ietter,  it  may  be 

iiiing   the   ri'lative  §trcngtii   of  different  kinds, 

Dbtained  from  the  same  factory,  and  it  is  known 

-odients  and  tlw  same  manner  of  niakini;  it  have 


.  Uu^ 


■  Hau-utk^  PiENttCLt'U. — The  only  true  manner  of 

rolallvc  fttrcDf^i  of  jwwdor  \«,  to  mea.iare  ita 

i  iiiuler  the  aaine  rircumHtances  as  it  is  to  be  em- 

,  using  the  kin<)  of  piece,  the  ijnantity  of  powder, 

jtriije.  that  is  to  be  used  in  the  field.     A  great 

-   iv.  been  made  in  the  adoption  of  the  pen- 

ii  com^ifta  of  a  gun,  usually  a  (i  or  12  pdr. 

"  in  such  a  way  that  the  axis  of  the  gun 

ugh  tiiu  c4:utL<r  of  oscillation  of  llic  pendulum  thni 


id,  uid  i>,  wliQii  the  gun  Is  flrod,  [icrpendicalar  to  the  rer- 
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tical  plane  passing  through  the  axis  of  suspension.  The  axis  then 
ret'ei\'es  no  shock,  and  knowing  the  time  of  oscillation  of  the  pen- 
dulum, a  formula  is  easily  deduced,  by  which  the  initial  velocity 
of  the  shot,  or  the  space  passed  over  in  the  first  second  of  time 
after  it  leaves  the  bore,  is  determined.  Tliis  instrument  is  called 
tlie  gun  pendulum.  The  ballistic  pendulum  consists  of  a  hollow 
cast-iron  frustrum  of  a  cone,  slung  in  the  same  way  as  the  gun, 
with  its  axis  in  the  same  horizontal  plane  as  the  axis  of  the  gun 
when  at  rest.  This  cone  is  filled  with  sand  packed  in  baskets 
destuied  to  receive  the  ball  fired  from  the  gun  pendulum,  or  from 
a  stationary  gun.  A  graduated  arc  under  each  of  these  pendu- 
lums shows,  by  means  of  a  sliding-pointer,  the  angle  through 
which  they  recoil  when  the  first  is  fired,  or  the  second  struck  by 
the  ball.  Tliis  angle  is,  of  course,  the  element  from  which  the 
initial  velocity  is  determined.  Tliese  pendulums  may  be  used 
together  or  separately ;  but  when  used  together  they  %erve  as 
ohiH»ks  on  each  other,  and  great  accuracy  has  been  attained  in 
determining  the  force  of  powder,  as  well  as  many  other  points 
important  to  the  science  of  artillery,  such  as  the  proper  size  of  the 
chargt\  its  form,  the  proper  position  of  the  vent,  the  best  length 
of  lu>re,  thickness  of  metal,  form  of  gun,  the  eflfect  of  wads  and 
sabots  on  the  foive  and  accuracy  of  the  shot.  But  these  data, 
at>or  all,  are  true  only  for  the  gun  which  is  used  in  the  pendulum, 
ami  it  by  no  means  follows  that  points  which  have  been  det^nn- 
iiiod  tin*  a  tJ  or  12  pdr.  will  hold  good  for  a  32  or  42  pdr. ;  so  that 
for  any  gun  below  or  above  calibers  useil,  the  results  are  simply 
approximate  calculations. 

It  isovidont  that  by  using  the  gun-pendulum,  too  large  an  arc 
w  ill  be  obtaimMl,  giving,  oonseiiuently,  tiH>  great  a  result,  whilst 
witii  the  ballistic,  too  small  an  an*  and  voKvity  will  be  shown:  as 
in  the  latter  case  the  ball  bv  its  woi^jht,  will  tend  to  retard  the 
n\oil  of  the  pendulum,  whilst  in  the  tormer  it  passes  to  the  front 
.  f  i!ie  coutor  of  ijravitv,  and  the  iras  is  still  actinir  on  the  bottom 
v>t'  tl»o  boiv  to  iuor\^ase  ilie  ixvoil  of  the  gun  at'ker  the  ball  has  left 
ii>  mouth,  and  rtvoixed  its  initial  veWity.  A  mean,  then, 
l»i  iwivn  the  two  pi>vosses  shv^uld  gfvo  tlie  truest  result.  Great 
l^jr.ns  aiv  taken  in  wei^hiui*:  aiul  a^ljusting  the  pv^wder  and  ball, 
nu^i\>uring  tlu*  >paeOs*4  o^vupiinl  bv  them  in  the  gun,  in  adjusting 
iho  u\is  of  the  ^un  and  penduhun  hUvk  in  the  same  line,  so  as  to 


tl(o   btix'k  ill  lie  near  tlic  i 


plafc  Hi;  po&Hblf  every 


ftTo  Be]ijaiiiiii  I^>b!rie  is  due  tliv  invention  uf  liietsL-  peiiduliiniij, 

,  iiiidvr  lliu  iiiipnjvuiiK'iiIi«  ul'  Ilnltoii.  liiuv  iiiadir  such  » 

Mt  ftriile  itiwarii*  perfection  in  tlie  deteniiiiiatinii  of  tlie  Btrwipth 

lapowdvr.    CVtuld  Ibe  proot-es,  with  &ny  Eort  of  economy,  be 

1  tu  pins  nf  all  sixes,  little  else  would  apparently  be  left  to 

■deiirvd  bj  the  nioet  eDthiisiastic  artillerist;  but  this  great  ini- 

3)t  swtiifi.  liku  most  others,  to  have  had  its  day,  and  to  be 

1  to  give  pUc-c  to  one  destined,  it  is  thought,  to  eupcrsede 

tatinily,  and  uf  Mieli  atx-tiracy  and  niiiiiitvneeE  in  it«  rtxults  us 

.  to  prcvludv  tliu  idua  of  auy  fartlier  iniprovciuvnte  in  the 

reminit  uftlm  ftjglitof  projovtiltM. 

I  Vavib;')!  Mjiciiinb.— It  i«  evident  that  if  any  niaebiue  cao  be 

1  for  niearioring  the  flight  of  projoctiles,  and  i>an  be  indis- 

ely  applied  to  every  (fim  need  ae  it  is  in  aetiial  service, 

I  he  madv  to  exhibit  aenurately  the  time  occupied  by  the  ball 

5  over  difterent  parts  of  the  trajectory,  the  whole  prob- 

p  of  meararinfT  the  force  of  gunpowder  is  eolvod,  to  say  nothing 

enuwr  otJier  impt>rtant  reeidls  which  folh>w  the  poeeofision 

tell  kuovrledge. 

I  an  instrument  has  been  invented  in  the  eleetro-baUistic 
b  of  Capt.  Navca,  of  the  Belgian  army ;  and  ono  cannot 
■uautc  of  its  wonderful  opor&t  ions  without  being  etraek 
Jiiupnt  tliat  such   an  intrtntmcnt  should  have  been 
1  ten  or  Iwelvi!  yearn  ago,  and  adopted,  einec,  into  almost 
f  Europeun  anny.  without  finding  its  way  into  tbi)'  coimtry, 
lu  Ickst,  being  heanl  of  by  more  than  one  or  Iwn  of  our  moat 
One  of   tlieue  in^lrunieutg  baa  already  been 
I  for  tito  Military  Aeadeiny,  and  two  more  have  boon 
If'T  thn  govemnieut;  w*  that  it  is  t<i  be  boiK-d  we  will 
t  b«  enabled,  with  the  rest  of  the  world,  to  reap  «otno 
kDlogea  flnwinjt  from  tliis  new  and  wondciful  applica- 
rieal  power. 

le  sjipamtue  eoniiMs  of  ^iree  distinct  parli^ : — 
I  I.  TIk'  [icii'ltdiun. 

[  9.  Hie  eoujunctor,  or  estahlislicr  of  currentK  ;  and 
I  X.  The  dirjuuetor.  or  interrupter  of  eurrentf. 
[  Dift  fint  eoiutitts,  Fig.  4.  Plate  1,  of  n  rtrong  vertical  plate  of 
tfLL,  to  which  if  attached  a  pendulum.  P,  the  disk  of  which 
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is  also  of  brass,  but  lias  inserted  in  its  side,  at  j9,  a  small  piece  of 
wrought  iron.  Tlic  rod  of  the  pendulum  is  of  steel,  and  is  inserted 
into  a  piece  of  very  hard  bronze,  which  sers^es  as  an  axis  of  suspen- 
sion for  the  pendulum.  It  is  sustained  in  position  by  two  cylindrical 
pivots  of  cast  steel,  forming  the  extremities  of  two  screws,  one  of 
which  is  seen  in  the  figure  at  v.  The  other,  which  is  opposite  on 
the  other  side  of  the  plate,  is  held  in  position  by  what  clock-ma- 
kers call  a  bridge.  The  pendulmn  is  hung  with  great  delicacy ; 
the  pivots  being  very  small,  the  screws  on  which  they  are  placed 
being  very  fine-threaded,  and  counter-screws  are  provided  to  fix 
their  position  when  once  adjusted. 

The  bronze  axle  passes  through  another  piece  terminated  by  a 
circle  of  iron  R,  and  the  two  arc  so  nicely  fitted  that  when  the 
axis  moves,  R,  by  friction,  is  carried  around  with  it ;  and  this  fric- 
tion may  be  further  regulated  ])y  the  spring  r,  one  branch  of 
which  is  fixed  to  the  shoulder  of  the  axle  «,  and  the  other  presses 
against  a  corresponding  shoulder,  J,  on  the  piece  through  which 
the  axle  passes;  by  means  of  the  screw  s  these  two  shoulders  are 
pressed  together,  and  the  friction  increased,  or  the  reverse.    Tliis 
arrangement  is  shown  in  section  by  figure  5,  Plate  1.     By  this 
arrangement  the  pendulum  in  its  movement  carries  around  with 
it  the  iron  circle  R,  together  with  the  pointer  I,  which  is  fixed  to 
it.     Tlie  screw  u^  which  passes  throngh  the  pointer   and  rests 
against  the  plate  R,  serves  to  regulate  the  distance  of  the  veniier, 
y,  from  the  large  plate  L  L.     A  pin,  T,  stops  the  pointer  in  such 
a  position  that  the  zero  of  the  veniier  coincides  with  the  zero  of 
the  graduated  arc,  A  B,  divided  into  150°.     Tlie  veniier  enables 
us  to  read  to  the  twentieth  part  of  a  degree,  or  three  seconds.    An 
opening  is  made  near  the  edge  of  the  plate  L  L,  through  which 
passes  the  end  of  an  electro-magnet,  shown  at  Q.   Tliis  is  mounted 
in  such  a  way  that  it  can  be  moved  up  and  down  by  the  screw 
K.     At  the  center  of  the  plate  L  L,  is  placed  a  circular  opening 
equal  in  diameter  to  the  small  plate  R,  allowing  the  entrance  of 
the  two  extremities  of  a  strong  horse-shoe  electro-magnet  which 
is  placed  behind  the  plate  L  L.     TIiq  two  ends  of  it  approach  each 
other  sufficiently  to  allow  them  to  fit  accurately  into  the  opening 
in  the  plate.     Tlie  interval  between  them  is  filled  by  a  plate  of 
brass,  pierced  to  allow  the  passage  of  the  axle  of  the  pendulum. 
This  brings  tlie  back-face  of  the  plate  R  directly  in  front  of  and 
near  the  extremities  of  the  magnet. 
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Tbc  instmmetit  is  fflBteni>d  to  a  solid  piece  t)f  wood,  whicli  is 
ktf-rdcd  bj  meine  of  spirit-levols  and  screws,  seen  at  N,  C,  D,  &o. 
T^e  wliulc  ebuul'l  bu  ini:loriod  in  u  gUsK  c^a^e. 

Trk  OiWUNCTOR.     Fi</.  (!.  n.  1. 
Aj)  ulectnv-iiuijriiet,  E,  tnovcs  ftlotig  the  euliimn  C ;  its  move- 
nents  Xt^ng  k^X&XoA  by  the  acren-  V.     Two  strips  of  copper, 
i...i.!  ill  zij^zs^  Bt-rvo  to  establish  camiuiinicatiori   between  the 
'■:  .L'Ti'  :i'-  win;  and  the  ecrewfiS  and  fi. 

i  nliT  till-  cloclrij-iimgnet  \6  a  small  imn  cup,  M,  in  wliidi  some 

■' '  r.  r.ry  iri  plnccd.     Tlic  screw  H  payees  tlirongh  the  side  of  tile 

ly.  .ii>l  Min'M  lo  n'gidale  ihi:  heigbt  of  the  mercury.     Aronnd 

-Jit  •  iji,  Bod  exteiidinj^  a  short  dietaucc  abovt;  it,  is  placed  the 

-  w-   \  tinder,  O,    A  copper  ribbon  or  wire,  R,  connect*  the  cup  of 

'-■'    ..%  witli  the  screw  7.   l-Vora  the  screw  8  a  blade  of  tempered 

'•..  ir.ijicts.  the  end  "f  which  being  directly  over  the  cnp, 

•  projijclini'  downwards  towards  tlie  mercury, 

/lit.  P,  surmounted  by  a  piece  of  wrought  iron, 

-itioii  *Iiown  in  th»tij;ure  by  tiic  atfractioa  of  llie 

'-..  when  active.     Tlie  wooden  base  to  which  thie 

1  \»  Ii;reled  by  mcnnK  of  three  leveling  screws, 

>        I  I  It  plumU-lino  huHf;  in  the  initide  of  the  column, 

uii  NuK  il<fwi)gh  alitit  cut  along  ihc  length  of  tbc  column. 

TaK  Uisji'Kc-roB.    Fi^.  7. 1'l.  1. 

Two  liUdea  of  ftjpper,  L,  L,  separated  by  a  piece  of  ivory,  and 

kept  in  porition  by  a  sUrrnp  lintHl  inside  with  ivory,  arc  con- 

t.-i-!i-.l,  ihe  "inc  with  screw  9,  tliu  other  witli  10  by  copper  band* 

•■«.■  <ii|f  on  tJio  under  tude  of  the  board  on  which  tbi^  instrument 

Twri  other  fiimUar  bladeii,  I.'  1.'.  whicli  arc  also  separated  by 

,  form  a  movable  syfltcm  whose  extremity  may  be  iutro- 

I  between  tlie  bUulea  L  and  L,  rubbing  thcjii  Blightly  as 

f  outer.     £^ch  of  thefic  luovubic  blatloe  is  connected  by  the 

•  nipfwT  rihlroni*  B  G,  with  a  sen^w  on  it«  on-n  side  of  Ihe 

1  (II  and  U). 

M)  rod  jiiinlinl  til  the  pioee  of  ivory  separating  the  mova- 

lt«i)  through  tlic  (tylinder,  G,  and  having  a  thread 

UhaeDd,  MrewK  into  the  bnob,  E.     In  the  oylinder  C  \» 
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placed  a  strong  Bpring,  which,  acting  on  the  movable  blades,, 
keeps  them  separated  from  the  fixed  ones.  By  pressing  on  the 
knob  E,  the  spring  yields  and  the  movable  blades  are  pushed  up 
between  and  in  contact  with  the  others.  The  nose  of  a  seer  be- 
neath the  platform,  and  pushed  up  by  a  small  spring,  catches  in 
a  notch  made  in  the  steel  rod,  and  holds  it  and  the  blades  in  that 
position  until  by  pressing  on  the  trigger  at  D,  the  nose  of  the  seer 
is  disengaged  and  the  blades  L'  L'  fly  back. 

These  constitute  the  apparatus  of  Capt.  Navez ;  which,  for  use, 
is  placed  securely  under  shelter,  where  it  will  be  completely  pro- 
tected from  the  weather. 

The  pendulum  and  conjunctor  are  placed  on  a  heavy  table, 
the  feet  of  which  rest  on  solid  ground,  and  no  part  of  which 
touches  the  walls  of  the  building,  in  order  that  no  disturbance 
may  result  to  the  instrmnents  from  the  firing  of  the  gun. 

The  disjunctor  is  placed  upon  a  small  table  not  touching  the 
other.  The  working  of  the  disjunctor  causes  a  jerk  which  might 
interfere  with  the  operation  of  the  conjunctor  if  placed  on  the 
same  table  with  it. 

Figs.  4,  6,  and  7,  PI.  1,  represent  the  three  instniments  in 
tlieir  proper  positions. 

It  is  very  invjxyi^tant  to  place  the  pendulum  in  such  a  position 
that  the  oscillating  system  between  its  initial  point  and  that  of 
stable  equilibrium  shall  have  passed  over  an  angular  distance  of 
75°,  corresponding,  from  the  construction  of  the  instniment,  to  one 
half  the  graduated  arc.  Tliis  is  effected  in  the  following  manner : 
Tlie  pendulum  bed  is  first  leveled  by  means  of  the  leveling- 
serews.  Tlie  disk  is  then  raised  until  tlie  small  piece  of  iron,  jt>, 
comes  in  contact  with  the  end  of  the  electro-magnet  at  Q.  Tlie 
pointer  carried  around  by  the  movement  of  the  pendulum  will 
rest  against  the  phi  T,  and  the  zero  of  the  vernier  coincide  with 
the  zero  of  the  limb.  Let  go  the  pendulum,  and  allow  it  to  come 
to  a  state  of  rest.  If  in  that  position  the  zero  of  the  vemiei* 
(•oincides  with  the  seventy-fifth  degree  of  the  limb,  the  instrument 
is  properly  adjusted.  If  it  does  not,  the  electro-magnet  is  lowered 
or  raised  by  the  screw  K,  and  the  operation  is  repeated  until  the 
zero  does  coincide  with  the  seventy-fifth  degree.  Before  raising 
tlie  pendulum,  see  that  the  pointer  is  situated  somewhere  between 
(»  and  75°.  The  moment  the  pointer  strikes  the  pin,  the  axis  of 
suspension  will  commence  to  turn  in  the  washer  which  support.'^ 
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ft  potDtcr,  hikI  <-utitiiiuo  to  do  k>  till  t)ie  disk   lut'Cl.^  the  HDig- 

I.Q. 

I  To  rv^iUtc  ttie  au^pr^nsitm  iif  the  jieiitUiliim,  tlio  screw  behind 
ft  pUt*  L  I.  is  withdrawn  far  enough  to  allow  the  plate  R  to 
I  cdQtwt  with  the  electro-nia.giict  behind  it.  It  16  then 
slowly  in  again  until  the  ]>ivot  of  BUspeiision  acting 
t  tlie  axis  of  siupvnttion  pinches  hHck  the  oscillating  eyetem 
IcDongfa  to  Bcparate  the  plate  R  from  the  magnet.  The  spaeo 
I  the  two  fttionld  not  he  greater  than  .004  of  an  inch. 
IT  extniuily  of  Hie  other  point  of  suspension  should  not  touch 
9  bottom  of  itri  Aperture  by  about  .02  of  an  inch,  llie  tension 
'  e  ipring  r  U  r^iiilated  hj  thu  screw  a  in  sucli  a  manner  tlint 
I  pointer  eliall  he  curried  around  with  tiie  penduhmi.  The 
nicr  w  placed  very  near  the  graduated  limb,  by  means  of  the 

I  Tkt  conjanctor  being  placed  along-side  of  the  [>endnlum.  iti- 
a  is  plocwl  tu  a  vertical  position  by  mean  of  it£  pluiub-line 
i  the  lovtsUng  screw*.     The  mercury  in  the  cny  Kliuuld  be  pure 
I  brilliant,  and  have  its  i^urt'iire  just  below  the  end  of  the  iron 
tt fixed  to  tJierteel  blade  L.   This  i»  pcgnlated  by  tlie  screw  H. 
I  Hue  di*jnnoti>r  M  placed  on  its'  table  by  the  side  of  the  con- 
ant]  the  distance  the  nose  of  the  seer  is  to  entctr  the 
1  in  the  Btcc!  rod  is  regulated  by  the  aaeistance  of  a  small 
r  ptaecd  under  the  bed  of  this  instnuncnt.     The  pruesure  of 
►  filed  bind'-*  on  the  movable  oiic»  may  be  slightly  increased 
'  nw  J,  which  acli  npon  the  ivory  of  the  stirrup; 
."(  be  much  used,  as  it  is  ilesignod  to  rectify 
•  •i\  the  inatninient.     Two  galvanic  hatteries  are 
t>i   iv..rk   the  ap[iaratus.      Bunsen's  are  generally   used 
^  6) ;  and  to  avoid  corroduig  the  infitrnmeRts  from  the  gases 
IvmL   tie   batterieo  an'  placed 
!  of  the  building  which  cou- 
» the  iiutnimcnl*.     Two  target 
lC  and  ('',  PI.  ~,  are  pbtced 
^Udc  the  Mhot  i»  to  travi-l. 
bIi  ()utatk-(.><)  ax  t<t  •-oio 
II  Ihoit  tliat  |>art  of  the 
'  tbu  tiniu    in  deaerihing 
I  It  ia  dosifpied  to  meaouro. 
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The  size  of  these  frames  will  depend  upon  the  distances  at  ^ 
they  are  i>laccd  from  the  piece,  and  the  accuracy  of  fire.  1 
frames  are  covere<i  with  copper  wire  in  parallel  lines 
spaces  between  being  about  two-thirds  the  diameter  o 
shot  to  be  used.  Tlie  wire,  which  must  be  annealc 
supported  on  nails  covered  with  ^utta  percha  (Fij 
which  are  driven  along  the  uprights  of  the  fra 
The  size  of  the  wire  will  depend  upon  the  size  of 
gun  used.  If  cannon  is  used,  it  should  be  about  1- 
an  inch  in  diameter.  If  small  arms,  not  more  than 
that  size  will  suit  better. 

With  very  large  target  frames  it  is  better  to  plac< 
lines  of  wire  vertically,  in  order  to  avoid  injury  from 
Fig.  9.  being  thrown  around  horizontally  when  struck  by  the 
jectile ;  when  it  is  necessary  to  make  these  lines  very  loi 
second  set,  which  should  be  non-cotidiictors,  is  woven  int< 
other  in  a  direction  perpendicular  to  them.  Cotton  cord  coi 
with  a  coating  of  varnish,  is  very  good  for  this  puri>ose. 

The  apparatus,  batteries,  and  targets,  are  connected  by  n 
of  the  smaller  wire  (1-20  of  an  inch),  which 
is  held  in  its  position  by  the  press-screws  of 
the  different  instnmients.  Posts  ten  or  fif- 
teen yards  apart  are  used  to  support  the  wire 
running  to  the  targets,  being  ]>rovided  for 
this  purpose  with  nails  covered  with  putta 
percha,  each  one  of  which  to  protect  it  agahist 
moisture  has  over  it  a  small  rectangular  piece 
of  zinc,  curved  downward  and  fastened  in  the 
l)ost  as  rei>resented  in  Fig.  1<>. 

Where  the  conductors  pass  through  the 
walls  of  the  buihling,  they  should  be  pro- 
tected by  gutta-i)ereha  tubes,  through  which 
thev  run. 

For  the  conductor  between  the  different  i>ai-ts  of  the  ap 
tus,  the  wire  should  be  covered  with  silk  or  varnished  c< 
Tliis  p^*aution  is  necessarj*  to  avoid  accidental  deviations  i 
<-urrents  by  the  wires  touching  each  other;  but  outside  t 
building  in  which  the  instniments  are  ]>laced.  it  is  not  nt^ccj 
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Tlie  pi>iiiie«tion  be- 
tween two  pieces  ia 
made  as  ropreacntod 
in  Fig.  It,  anri  thv 
sliort  splice,  (I,  is  tied 
to  the  main  wires,  ft 
and  c,  witli  fine  wire. 
I  Ifaee  curnmtB  arv  latahlished  for  the  working  of  tlic  appura- 
L  wbMc  oouraw  will  be  deaigmited  on  Fip.  12,  PI.  2. 
I  So,  L,  Icftving  tlic  tftftcry,  I*,  readies  tbe  coil  of  tlie  olectro- 
.  Q,  thn>ti<;h  tlic  prc3«-Bcrt'w,  3,  magnotizeg  tiiai  magnet 
i  pu«c«  out  through  tliu  scruw  1  to  the  tnrgct  C.  from  whence 
lietunwlo  the  screw  11  of  ihi:  fli«jwictot;  and  pa^Res  into  tbe 
ivable  blade;  and  aiithis  ia  in  contact  with  uncof  the  fixed 
a  (tlic  knob  E  having  been  pusiied  up)  the  current  paseeji  on 
ft  the  acrew  9,  and  returns  (o  the  battery  from  which  it  pru- 

'  Xo.  IL,  leaving  the  battery  P',  proceeds  tliroiigh  the  conductor 

»C,  ivtiimiiig  to  the  screw  5  of  tlie  em}unet»r^  from  whence  it 

t  iuto  the  coil  of  it«  magnet,  magnetizing  that  and  pawung 

(  U  tbe  #cniw  tl,  it  rcHobofl  the  screw  \-i  of  the  diyvnctor. 

t  through  the  riyAt  muvablv  nn<i  fixed  bladee  and  the  screw 

0  u.  n-tnm  tn  its  baltiTV  P. 

No.  Hi.,  leaving  tbe  same  battery  as  No.  I.  ( P\  passes  Uii-ough 

» r«iil  iif  the  large  magnet  of  tbe  pcndulnm,  tnagnctiring  it.  and 

I  oat  by  the  screw  4,  proceeds  to  the  Kcrcw  S  of  the  i^tm- 

The  ftoel  blade  rarries  it  to  the  cu]i  of  mercury,  from 

e  it  g[ie«  to  the  Acrew  7,  and  *o  back  to  thf  Iiattcry  P. 

Wi?  win  now  dtwcrihr  tlie  manner  in  which  the  instrnmcut 

Till-  gun  iit  loadoil,  the  diajunctor  i*  not  in  gear,  i.  c.  the 

rabli.'  and  6x.ctl  bbulc*  do  not  toucli  each  other,  and  in  tlie  eon- 

,  the  [>oint  OR  the  »Uv\  bla<lc  does  not  toucli  the  inerenry. 

Voae  tii  tltp  cDrrunl^  are  cstuldiHlic<l.     The  operator  tK.-ated  tteforc 

e  iattruraeni,  with  the  right  hand  put«  the  disjuuetor  in  gear 

ft  Mlabli«h  tho  nnrreiits  I.  and  II.     With   the  finger  of  the  left 

I,  or  tbe  unall  handle  shown  licldnd  tho  diitk,  he  raiitoa  the 

hilnio  until  llic  iron  p  in  the  disk  bincheit  the  magnet  Q, 

^KcK.  being  magnetized,  retains  it  tlicrc.     Tlie  zero  of  the  ver- 

'rojfnetdc*  witb  tlie  zero  of  the  limb.     lie  then  suspends  Iho 
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weight  P  to  the  magnet  of  the  conjuiictor  by  placing  its  iron 
end  in  the  brass  tube  fixed  by  friction  on  the  end  of  the  mag- 
net. The  iron  part  of  the  weight  being  slightly  conical,  it  is 
released  entirely  from  the  tube  by  raising  this  last  up  a  little  on 
the  magnet.  Tliis  leaves  the  weight  suspended  by  magnetic 
attraction  alone.  Tliis  manner  of  putting  the  weight  in  position 
is  for  the  purpose  of  getting  its  axis  coincident  with  the  vertical 
axis  of  the  magnet,  without  which  it  would  not  fall  accurately  in 
the  cylinder  O. 

The  operator  now  presses  upon  the  trigger,  D,  of  the  disjimc- 
tor,  releasing  the  movable  blades,  which,  flying  back,  rupture  the 
currents  I.  and  11.  shnultaneously.  The  pendulum  and  w^eight 
commence  falling  as  soon  as  their  respective  magnets  become  suf- 
ficiently unmagnetized.  As  soon  as  the  weight  strikes  the  end 
of  the  steel  blade,  this  bends,  putting  its  point  in  contact  with  the 
mercury,  which,  establisliing  current  No.  III.,  the  large  magnet 
of  the  pendulum  becomes  active,  acts  on  the  iron  plate  R,  fixing 
that,  and,  consequently,  the  pointer  attached  to  it.  The  pendu- 
lum, however,  continues  to  oscillate,  the  axis  turning  in  the  muff^. 
See  Fig.  5. 

Having  note<l  the  arc  passed  over  by  the  pointer,  which  we 
will  call  V,  withdraw  the  weight  from  the  cylinder  O.  This 
releases  the  steel  blade,  which,  rising,  breaks  the  cuiTcnt  No.  HI., 
and  the  large  magnet  no  longer  attracts  the  plate  R,  which  is 
pulled  away  from  its  position  against  the  ends  of  the  magnet  by 
seizing  the  muflT  with  the  thumb*  and  forefinger. 

Tlie  disjunctor  is  immediately  put  in  gear,  the  pendulum 
replaced  in  its  old  position,  and  the  weight  suspended  again  to 
its  magnet.  Tlie  operator  now  gives  tlie  signal  to  fire,  and  the 
projectile  as  it  passes  through  the  targets  C  and  C,  cuts  the  wire, 
breaking  in  successions  first  current  1.  and  then  11.  Tlie  appara- 
tus performs  as  before,  and  the  pointer  is  found  fixed  after  having 
passed  over  a  certain  arc,  <f\  which  will  be  greater  than  the  one 
first  noted. 

Had  the  projectile  cut  simultaneously,  instead  ^»f  in  succes- 
sion, the  two  wires,  would  have  been  equal  to  ff,  Tlie  diflTer- 
cneo,  then,  between  these  two  arcs  (sr' — <jr^  will  con'cspond 
exactly  to  the  time  employed  by  the  projei*tilo  in  passing  over  the 
distance  between  the  two  targets. 


navez^  uachike, 

'  Thif  inethoil,  then,  consisU  in  making  the  apparatus  wurk  two 

linn's  ander  fxaetlij  thf  mn\e  eireunmtanees.    The  fintt 

■■fferted  hy  means  of  the  (lisjnnctor,  is,  in  fact,  tlic  same 

■  If  the  prujcctilf  cut  1)i)t)i  wireH  at  the  same  time,  or  the  eJMicc 

J  orcr  was  nntbing,  whilst,  in  the  ecrond,  effected  by  mcaiw 

I  fifing,  lh(!  £pacc  pasecO  over  by  the  projoetilo  is  that  comprieecl 

a  the  twu  targets. 

Both  (>p«rmliuii»  arc  iMirfuriiioi  in  a  few  socondg.     During  this 

Aorl  Kp«cc  (i(  time  lUc  intensity  of  the  currentR  cannot  Bcneibly 

'«T,  and  cfinaequGntly  the  electro-magnetic  action  should  be  tin- 

p  in  Imth  ctises.     Ail  tlie  resi^laiicei)  opposed  by  the  appara- 

k  m  the  sanii-  in  the  two  cases,  and  tho  heights  from  wliich  the 

'  ^t  fallfi  arc  equal.     In  tho  second  operation,  tho  time  to  be 

1  has  simply  b««n  added  to  the  time  which  in  the  first 

•  eoiuuino'l  by  llic  jiointtT  in  paesiiig  over  the  arc  9.     It  foU 

I  ibbQ  that  the  arc  (t* — f),  by  which  the  arc  <r  is  increased, 

tonda  to  the  time  to  bo  measured. 

r  It  bceoineo  asclow  in  this  metliod  to  regulate  the  currents, 

e  the  tiraea  neccHaary  for  iQagnetiting  and  nnmagnctizing  the 

M«  bein^  the  fame  in  both  operations,  can  have  no  infiuencc 

I  tlie  accuracy  of  tlic  results  sho\m  by  tho  npjtaratus. 

I  tho  advantage  of  ridding  ihe  results  of  tho  apparatus 

wOu  inaeimracies  to  which  all  other  electro-magnetic  pendnluuti 

i  liable,  this  method  allows  the  operator  to  choose  the  ]>oiiit  of 

D  c(irrcsju)nding  lo  the  commencement  of  the  time  to  be 

11ie  arc  <f  is  inrrcn^d  or  diminished  by  raising  or 

t  the  magnet  on  the  colnran  of  the  conjunctor,  ginoe  tho 

I  time  of  tlie  weight  P  is  varied  in  consequence.     The  moel 

■■  pMition  of  the   arc  (t' — g>)  is  evidently  that  one 

•middle  iif  tlio  arc  corresponds  to  tho  greatest  velocity 

dnlnro,  riiicc  it  is  in  this  position  that  the  arc  corrc- 

If  to  any  ifivcn  time  is  the  grvateet.     It  can  generally  be 

I  in  the  cxperijncnta  thai  the  center  of  this  are  (9 — ») 

B  b«  alMmt  the  middle  of  the  pcndulum'H  cour»>.     To  nhow  the 

lance  of  this  advantage,  wc  will  take  an  example.     If  we 

k  to  raeasnrc  llie  I-IWO  part  of  a  second,  taking  for  a  starting 

bl  ibe  initial  poiitioa  of  tho  pendulum,  tlie  are  eorrcs[)otidiiig 

t  Itmu  will  be  only  tho  0.37  of  n  degree,  whilst  tho  arc  cor 

iding  to  the  wmo  time,  taken  near  the  middle  of  tlic  limb, 
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will  be  7.53  degrees.  The  process^  then^  in  the  case  st^pposedj 
has  tlve  advantdge  of  giving^  as  a  measureni€7it  of  the  timej  a/a 
arc  28  times  greater  than  xoovld  he  obtained  hy  counting  from  the 
Initial  j>ositio7i  of  the  pendulum. 

Tlie  results  obtained  will  be  so  much  the  more  accurate  as 
the  nicety  with  which  the  apparatus  is  constructed  increases,  and 
as  the  skill  of  the  operator  improves  by  practice. 

In  order  to  be  satisfied  of  the  accuracy  with  which  the  appa- 
ratus works,  it  is  only  necessary  to  employ  it  for  the  measurement 
of  a  known  space  of  time  comprised  between  two  ruptures  made 
in  the  currents  destined  to  be  broken  by  the  projectile.  Suppose 
we  choose  the  time  0,  which  corresponds  to  a  sinmltaneous  rup- 
ture, that  is,  an  infinite  velocity  of  the  projectile.  All  that  is 
necessary  is  to  operate  with  the  apparatus  twice,  and  the  differ- 
ence between  the  two  arcs  indicated  by  the  pointer  gives  us  in 
time  the  degree  of  precision  of  the  aj)paratus.  Tliis  gives  us  an 
easy  method  of  proving  at  any  moment  the  proper  adjustment  of 
the  instrument  for  use. 

The  manner  of  forming  the  table  made  use  of  for  determining 
the  time  corresponding  to  an  arc  {q> — 9)  will  now  be  described. 

Tlie  time  of  a  small  oscillation  of  the  pendulum  will  be  determ- 
ined by  counting  the  number  of  oscillations  in  a  given  time  by 
means  of  a  good  seconds  watch  or  chronometer.  In  order  to  ob- 
tain a  sufiicient  number  of  oscillations,  the  pendulum  must  be  let 
fall  from  a  sufficient  height.  'The  oscillations  will  diminish  then 
in  size  until  the  movement  ceases  altogether.  But  we  must  find 
the  time  of  an  oscillation  so  small  as  to  be  confounded  with  the 
cycloidal  arc, — i.  €.,  that  the  time  of  oscillation  shall  be  constant, 
or  independent  of  the  size  of  the  arc.  It  is  therefore  necessary  to 
tiike  into  account  the  influence  of  the  variable  size  of  the  circular 
oscillations. 

Bv  comparing  the  expression  i=^A  /_ ,  which  gives  the  time 

V  9 
of  a  very  small  oscillation  of  a  simple  pendulum  whose  length  is 

/,  or  of  a  compound  pendulum  of  which  I  is  the  distance  from 

the  axis  of  suspension  to  the  center  of  oscillation,  with  this, 
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ti  Rprucctilft  Uiv  time  currcepontliii^  tu  tlic  i-Irciilar  oecilla- 
^  tuvtngti  fur  llmvcrecil  eiiicof  half  tlicnri;,  wu  find  lliemcre- 
•  of  (luntiou  wliiuti  depend  on  tho  aiiipHtiitlc  of  the  arc  of 
Uiou.     llic  liine  of  an  iji&nitoly  smaU  oHcillatioti  being  taken   i 
p  auitT,  tlie  incretuentB  of  duration  will  be —  | 

For  an  anipUcude  of  10%  .     U'.IIUUI2 

■'      20%  0.(10190 

"  "       30%      .         .     'I.O042C,  &Q. 

fltifyin^  t1ifu«(.-illationH  iniu  groiijiK  uccurdlug  to  their  ampli- 
,  and  n-prtttcming  bv  «  ;i'  « '  tlic  iitiuibor  of  oMrillations  in 
bpvDp;  by  a  ft  c,  the  increments  of  dnratiun,  and  by  T,  tite 
D  of  ob»cn'atioii ;  tlie  time  of  a  viry  email  oscillation 


I  will  aerve  to  determine  the  distance  from  the  center  of 
ilion  to  tbr  axle  of  saKpuuiuon.    Tliie  distance  is  found  by 
ikinjr  UH-'  of  liif  formula 


Knowing'  llic  position  of  the  center  of  oscillation,  the  volocitj- 
Iftlie  pcndulain  »t  any  point  of  its  course  can  be  determined  hy 
%  the  toniiula — 

r=f  2jry. 

Inpntenting  tlie  rcrticnl  descent  of  the  center  of  oeeillation. 
If  a.  Fig.  13,  rcjirpficntB  tin-  ooii- 
at  ingle  of  half  oMrillalion.  and  x 
)  U4^1o  variable  witti  y  ;  tlii^  last 
B  ni*j  Imi  expretsed  in  tpnuB  of 
tftnttwn. 
jr=fteo*l'i— j-i— fosnl;  and  bysnb- 


(  :ijrf((^a— ir)— coea) 
t  *«locity  of  the  pendulum  will  be  wujrht  in  a  series  of  posi- 


40  GUNPOWDER. 

tions  so  close  together  that  the  movement  may  be  considered  as 
uniform  between  two  consecutive  positions.  Then  by  dividing 
the  length  of  each  small  arc  comprised  between  two  neighbor- 
ing points  by  the  velocity  corresponding  to  that  arc,  we  will 
obtain  the  time  employed  by  the  pendulum  in  passing  over 
respectively  each  of  the  small  arcs  the  sum  of  which  will  form  the 
part  of  the  oscillation  made  use  of. 

As,  from  the  construction  of  the  instruments,  the  arcs  to  which 
the  times  to  be  measured  correspond,  never  include  the  first  part 
of  the  oscillation,  it  is  not  necessary  to  commence  the  table  of 
times  from  the  initial  position  of  the  pendulum.  Tlie  positions  of 
the  pendulum  at  which  its  velocity  is  calculated,  may  be  the  far- 
ther apart  as  the  small  arcs  comprised  between  them  fall  nearer 
the  lowest  point  of  the  oscillation.  Towards  the  middle  of  the  oscil- 
lation the  movement  of  the  pendulum  becomes  almost  uniform. 
These  different  calculations  are  applied  to  the  establishment  of  a 
table  used  to  facilitate  the  employment  of  this  apparatus.  The 
elements  will,  of  course,  be  different  with  different  pendulums  and 
in  different  latitudes.  We  will  take  as  an  example  those  em- 
ployed by  Capt.  Navez.* 

The  time  of  a  very  small  oscillation  is  found  jfco  be  0".3234. 

The  distance  I  of  the  center  of  oscillation  from  the  axis  of  sus- 
pen6ion=4.00323  in.  (0"10168). 

The  time  consumed  by  the  pendulum  in  passing  over  each 
degree  from  the  fortieth  is  calculated.  Tlie  constant  angle  of  half 
oscillation  =75°. 

The  time  employed  by  the  pendulum  to  pass  over  each  degree 
is  given  by  the  formula — 

*  Capt.  Navez  lias  since  adopted  a  much  more  simple  method  of  determining  the 
length  of  the  pendulum.  This  consists  in  a  much  more  delicate  suspension  of  the 
pendulum  on  knife  edges,  which,  in  the  practical  operations  of  the  instrument, 
would  be  quickly  destroyed. 

By  this  arrangement  the  pendulum  oscillates  through  a  very  small  arc  about 
2,000  times  before  the  motion  ceases. 

By  means  of  a  good  chronometer  the  time  corresponding  to  500  double  oscilla- 
tions of  the  pendulum  is  noted  twice  in  succession,  and  the  mean  taken.  The  timo 
of  a  very  small  oscillation  is  then  determined  by  noting  the  time  for  2,000  oscilla- 
tions, and  correcting  one  operation  by  the  other;  the  length  of  the  pendulum 
becomes  known  by  making  use  of  the  expression — 

n 
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E60t>      s 


0|/2i;/(co8. 76°  —x]  —  COS.  75" 


tawliidi  are  snbstitnted  tlie  vnrions  values  of  a  .■  40",  41',  42°.  ..75°. 
In  this  way  the  taljlo  on  thu  opposite  page  is  formed.     The 
mben  in  tlic  third  column  of  this  table  aro  obtained  by  adding- 
]  the  times  which  pr«cedu  in  the  second  column  together. 

Tu  ehow  how  tliis  table  is  used,  an  example  will  be  gi' 
o  facititktu  tiiB  calculations,  the  arcs  passed  over  by  the  pointer 
3  tx!  D()t4K)  in  degrees  and  deoiiiial  fractions  of  a  degree.  As 
t  rcrnier  indicates  to  the  20th  of  a  degree,  two  of  the  subdiris- 
•  will  repr{»ont  a  tenth  (O.I),  and  where  an  odd  division  occnra 
lit  wiH  be  uoted  ae  half  of  tliis,  or  (0.05). 

Let  ns  siippoBo  that  the  operation  with  the  diejunctor  gives 

=i4°.C5,  and  that  by  firing  the  piece  immediately  afterwards 

e  obtain  t'=I01''.35.    We  wish  to  find  the  time  corresponding 

I'ki  the  difiV-rvnce  between  these  two  arcs  (v'— v).      Find  in  thQ 

Iblile  the  "eiim  of  the  times"  curreapuiidiug  to 

llltt  lOlst  degree  = 0".09234 


4 


b  this  mast  be  added  the  time  corresjKinding 
lo  the  remaining  0.33.  The  time  corre- 
qwnding  to  the  lOl&t  degree  isO".00157,  or 
irjilH«n57  for  0.01 ;  and  for  0.35,  .         .     0  ".00(i55 

The  Bcm  —        .        .        .        i 
■  "ram   of   the  times"   corresponding    to 

Uw  44"  i« 0".006(;3 

B  time  coiretponding  to  the  44"  is  0".00162 
r  0.01,  the  time  will  be  0.0000163,  and 
for  o.fli; 0".00105 


ITio  sum  = 
The  difTerence  = 


0".U07) 


0".U3521J 


ft  win  be  tbi:  time  corresponding  to  the  arc  (»' — v)  or  the  time  con- 
lb/  tbo  projectile  iu  passing  between  the  two  t«T^ets. 
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1 

& 

40 

Time  taken  by 
the  pendulum 
to  pass   over 
the  de  ree. 

Sum  of  the 
timet. 

i 

p 

64 

Time  taken  by 
the  pendulum 
to  pass   over 
the  degree. 

Sum  of  the 
timet. 

• 
P 

88 

Time  taken  by 
the  pendulum 
to  pass   over 
the  degree. 

4 

* 
4 

I 

1 

0 

0'.00168 

0'.00148 

0'.08742 

0'.00149 

OM 

41 

.001 6rt 

0'.00168 

65 

.00147 

.08890 

89 

•00149 

42 

.00165 

.00884 

66 

.00147 

,04087 

90 

.00149 

48 

.00164 

.00499 

67 

.00147 

.04184 

91 

.00150 

44 

.00162 

.00663 

68 

.00147 

.04831 

92 

.00150 

45 

.00161 

.00825 

69 

.00146 

.04478 

93 

.00161 

46 

.00160 

.00986 

70 

.00146 

.04624 

94 

.00162 

47 

.00159 

.01146 

71 

.00146 

.04770 

95 

.00152 

48 

.00158 

.01305 

72 

.00146 

.04916 

96 

.00168 

49 

.00167 

.01463 

73 

.00146 

.06062 

97 

.00154 

50 

.0*^56 

.01620 

74 

.00146 

.06208 

98 

.00154 

51 

.00156 

.01776 

75 

.00146 

.05854 

99 

.00155 

62 

.00154 

.01931 

76 

.00146 

.05500 

100 

.00156 

53 

,00154 

,02085 

77 

.00146 

.05646 

101 

.00157 

54 

.00153 

.02289 

78 

.00146 

.05792 

102 

.00158 

55 

.00152 

.02892 

79 

.00146 

.05938 

103 

.00159 

56 

.00152 

.02544 

80 

.00146 

.06080 

104 

.00160 

57 

.00151 

.02696 

81 

.00146 

^06230 

105 

.00161 

58 

.00150 

.02847 

82 

.00147 

.06376 

106 

.00162 

59 

.00150 

.02997 

83 

.00147 

.06523 

107 

.00164 

60 

.00149 

.08147 

84 

.00147 

.06670 

108 

.00165 

61 

.00149 

.03296 

85 

.00147 

.06817 

109 

.00166 

62 

.00149 

.08445 

86 

.00148 

.06964 

110 

.00168 

68 

.(K)148 

.08594 

87 

.00148 

.07112 

111 

The  maimer  of  determining  the  degree  of  accuracy 
apparatus  has  already  been  described.  Tlie  variations  : 
limited  so  that  the  difference  between  two  successive  ope 
by  means  of  the  disjunctor  will  not  be  greater  than  one-fc 
a  degree,  which  from  the  table  corresponds  to  C.OOOSG. 
using  the  instrument,  then,  for  timing  the  flight  of  project! 
distance  between  the  two  targets  must  be  great  enough  t( 
an  accidental  variation  of  C.OOOSG. 

The  principal  advantages  of  the  apparatus  over  all  otli 
invented,  consist  in  its  accuracy,  the  ease  with  which  it  is  y 
and  its  cheapness  as  compared  with  the  unwieldy  and  ex 
machines  used  at  present,  in  this  country,  for  the  testing 
powder.  But  its  principal  advantage  is  its  applicability  t 
kind  of  piece  by  which  the  force  of  the  powder  as  it  is  i 
used  in  every  gun  in  service  can  be  detennined. 

Established  near  a  battery,  it  may  be  applied  to  any  p 
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»  Ji^l  Tftriation  in  tlic  direction  of  Ilio  targets,  and  the  cominu- 
liii-jliitj;  wires. 

bmiAL  VELonrtEa, — fn  proving  cann&n  jxncd^r,  tlie  initial 
vflHcity  of  B  ball  of  modiuui  weight  and  windage,  with  a  cbarge 
J  Oftt-fottrth  its  weight  of  powder,  ehoiiM  be  i 

From  B  twcnty-fuuivpuuiidur  gnrrisuii  gun,  not  lees  tlian  1,600 
bet 

From  a  twcIve-i>oundcr  field  gwn,  not  less  than  l,5!>fl  feet. 
From  a  *ix-poiitider  field  pun,  not  lesa  than  1,500  feet, 
/»  proving  tmati-arm.  poiodj-r,  the  initial  velocity  of  a  nnia- 
kdWl^  with  H  chaise  of  \'20  grainii,  Bhould  be: 
With  innekct  powder,  not  leas  than  l,."iOO  feet. 
Witli  ritle  powder,  not  Ives  than  1,C00  feet 
With  fine  exporting  powdur,  nut  le«B  than  l,S00fcvt;  and  witli 
tW  MW  riflvd  inniiket,  »ixty  griiina  of  musket  powder,  and  the 
tloof^tcd  ball,  about  1,<>00  foct. 

UTORtiHCTsu:   QrALmce. — ^The   snaceptibility  of  powder   to 
b  Dioistore  may  be  judged  of  bj  exposing  any  ([uanthy,  as 
mod,  tu  tilt!  air,  in  a  moist  place  (fiuch  as  a  cellar  which  is 
I  daoip),  on  a  glazed  earthen  dish  for  fifteen  or  twenty 
a;  it  Bometinias  80  as  better  to  exi)060  the  earfaee : 
r  should  he  previously  well  dried   at  a  heat  of  about 
^ell-;;laxcd  powder  made  of  pure  materials,  treated  !n 
IT,  will  not  inerease  in  weight  more  than  five  parts  in 
t,«t»  half  of  one  per  cent.     Such  powder  kept  in  caeks  in  a 
ind  will  aheorb  about  eight-tenths  of  ono  per  cent,  of 
.  eamplo  thus  kept  for   fifteen  years  in  a  connnon 
B  fotuid  tu  Io«v  but  iiiiie-tentlm  of  one  per  cent,  in  dry- 


0  Accurate  and  expeditious  method  of  comparing  the 
ntlrii:  qualitk*  of  different  samples  of  powder,  is  to  expose 
\tir  MtDrated  with  moisturo.  For  this  purpose,  samples 
1 1,500  graioa  weight  may  be  placed  in  a  shallow,  tin 
k  Indifia  by  tin  inehea,  set  in  a  tub,  the  bottom  of  which 
iverod  with  water ;  the  pan  of  powder  Ehould  be  placed 
i  one  inch  alrovc  the  surface  of  the  water,  and  the  tub 
1  over.  Id  thiti  manner  any  sample  of  powder  may  be 
lapMed  with  another  of  known  good  (luality.    Good  powder, 
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made  of  pure  materials,  will  not  absorb  more  tlian  two  and  a  half 
per  cent,  of  moisture  in  twenty-four  hours. 

Restoring  Unserviceable  Powder. — ^When  the  quantity  of 
water  absorbed  by  gunpowder  does  not  exceed  seven  per  cent., 
the  powder  may  be  restored  by  drying ;  this  may  even  be  effected 
in  the  magazine,  if  it  is  dry,  by  means  of  ventilation,  or  by  the 
use  of  chloride  of  lime  for  twenty  or  thirty  days.  Quick-lime 
may  be  used ;  but  the  use  of  it  is  attended  with  danger,  on  account 
of  the  heat  evolved  in  slaking. 

When  powder  has  absorbed  from  seven  to  twelve  per  cent,  of 
water,  it  may  still  be  restored  by  drying  in  the  sun  or  in  a  dry- 
ing house,  but  it  remains  porous  and  friable,  and  unfit  for  trans- 
portation ;  in  this  case  it  is  better  to  work  it  over.  In  service,  it 
may  be  worked  by  means  of  the  rolling  barrels,  as  described  for 
making  round  powder. 

When  powder  has  become  mixed  with  dirt  or  gravel,  or  other 
foreign  substances  which  cannot  be  separated  by  sifting,  or  when 
it  has  been  under  water,  or  otherwise  too  much  injured  to  bei  re- 
worked, it  must  be  melted  down,  to  obtain  the  saltpetre  by  solu- 
tion, filtration,  and  evaporation. 

Storing. — ^Gunpowder  is  preserved  in  magazines  specially 
constructed  for  the  purpose,  made  fire-proof  and  dry,  and  pro- 
tected by  lightning  rods,  which  are  attached  to  masts  or  poles 
planted  from  six  to  ten  feet  from  the  walls  of  the  building ;  the 
stem  of  the  rod  need  not  be  thicker  than  the  conductor,  nor  more 
than  six  feet  high  ;  but  the  mast  should  be  of  such 'a  height  that 
the  point  of  the  stem  may  be  about  fifteen  feet  above  the  build- 
ing. The  barrels  are  generally  placed  on  the  sides,  three  tiers 
high,  or  four  tiers  if  necessary  ;  small  skids  should  be  placed  on 
the  floor,  and  between  the  several  tiers  of  barrels,  in  order  to 
steady  them,  and  chocks  should  be  placed  at  intervals  on  the 
lower  skid  to  prevent  the  rolling  of  the  barrels.  Tlie  powder 
should  be  separated  according  to  its  kind,  the  place  and  date  of 
fabrication,  and  the  proof  range.  Fixed  ammunition,  especially 
for  cannon,  should  not  be  put  in  the  same  magazine  with  powder 
in  barrels,  if  it  can  be  avoided. 

In  a  room  thirteen  or  fourteen  feet  wide,  the  barrels  may  be 
arranged  in  a  double  row  in  the  centre,  two  alleys  two  and  a  half 
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IVet  wide,  tncl  tvro  Rtiigle  rows,  six  to  twelve  incliea  from  the 
^ walls:  ID  tliii  way  the  marks  of  eacli  barrel  may  Le  seen,  and 
pj-bwrel  can  lie  easily  renclied.     In  a  room  twelve  feet  wide, 
b  tjqaal  norub«r  nf  barrels  may  be  placed  in  two  doable  rowe, 
pih  ft  central  alley  of  tJiree  feet,  and  two  side  alleys,  next  the 
L,  of  about  Ufn  inches  each ;    there  should  be  an  uuincum- 
il  spacu  of  MX  or  eight  feet  at  the  door  or  doors  of  the  maga- 

Sboald  It  bv  necessary  to  pile  the  barrels  more  than  four  tiers 
1,  the  nppor  tiers  Bhonld  be  BnpportiMl  by  a  frame  resting  on 
t  docv;  or  th«  barrels  may  be  placetl  ou  thuir  Jihads,  with 
botrde  between  the  tiers. 

Besides  being  recorded  in  the  magazine  book,  each  psrcel  of 

jmwHcr  ahonld  be  inscribed  on  a  ticket  attached  to  the  pile, 

(boring  tht!  L-ntrii-s  au<I  tti«  issues. 

I  VnTTiLAfiNu  Uaoazixks. — For  (he  preservation  of  the  pow- 

^H.4(r, and  of  the  floors  and  lining  of  the  msgaziue.  it  is  of  the 

^^bnunt  im|tortnncu  to  prct^erve  iinobistriietcd  tlie  circulation  of 

^^Bk^  Dlid«r  the  flooring  as  Well  as  above.     The  mognzine  should 

^^Bttipcned  ■»<!  airtnl  in  clear,  dry  weather;   the  ventilators  must 

^^Hhbft  free:  no  i«hnibbery  or  tre«s  should  he  allowed  to  grow 

^^^pHHur  as  to  protect  the  linilding  from  the  sun.     The  moisture  of 

I         >  iU|^anne  may  be  absorbed  by  chloride  of  lime  suspended  in 

•  "[Kin  box  under  the  ai-cb,  and   renewed  from  time  to  time; 

_'iiiiek-lirae,  as  before  observed,  is  dangerous. 

TW  aimtini^t  or  gnard  at  a  magazine,  when  it  is  open,  should 

»*T  Bo  fire-arms,  and  every  one  who  enters  tlie  magazine  shonld 

'X  ufl*  his  shoe«,  or  pnt  socks  over  them  ;  no  sword,  or  cane,  or 

thing  wliicli  miglit  occasion  sparks,  should  be  carried  in. 

IkinpoitTATius. — Barrels  of  pwwder  stiould  not  be  rolled  for 

lion  ;  they  sbonld  be  carried  in  hand-barrowa,  or  slings 

ie  of  mpe  or  leather.     In  moving  jiowder  in  the  magarinc,  a 

I  t>r  carpet  thonld  be  spread;    all  implements  used  there 

d  bo  of  Vflod  or  Copi>er,  and  the  barrels  should  never  be 

j  in  the  magazine.     When  it  is  neceseary  to  roll  the  pow- 

r  for  it«  better  preservation  and  to  prevent  its  caking,  this 

wuM  1m!  dooD,  with  a  small  (juantity  at  a  time,  on  boards  in  the 

Baftuinfl  yard. 

to  wagons,  barrels  of  powder  must  be  packed  in  straw, 
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secured  in  such  a  manner  as  not  to  rub  against  each  other,  and 
the  load  covered  with  thick  canvas. 

In  transporting  powder  an  escort  should  always  be  sent  with 
it,  the  number  of  men  depending  on  circumstances.  With  wag- 
ons, a  man  is  attached  to  each  one,  and  the  commander  of  the 
escort  frequently  inspects  them.  Pavements  are  avoided  as 
much  as  possible,  and  the  train  is  marched  in  single  file,  and 
usually  at  a  walk.  No  smoking  is  allowed  near  the  train.  Towns 
and  other  inhabited  places  are  avoided  if  it  can  be  done  without 
making  too  great  a  detour.  If  this  cannot  be  done,  the  pave- 
ments, if  the  weather  is  warm  and  dry,  should  be  watered.  lif 
forges  are  with  the  trains  their  fires  should  be  put  out ;  and  in 
case  powder  is  found  sifting  from  any  of  the  wagons,  they  are 
placed  in  the  rear,  and  fifty  yards  apart. 

In  camping,  care  should  be  taken  to  place  the  wagons  by 
themselves,  and  away  from  the  camp  fires.  A  special  guard  is 
placed  over  them,  and  strict  orders  given  to  allow  no  unauthor- 
ized persons  to  approach. 

GUN-COTTON. 

In  1846  the  important  announcement  was  made  of  the  dia- 
covcry  of  a  substitute  for  gunpowder,  possessing,  it  was  said,  all 
the  advantageous  properties  of  the  latter,  with  none  of  its  defects. 

The  announcement  was  first  made  by  Prof.  Schonbein  of  Bale, 
Smtzerland,  who  attempted  to  keep  the  preparation  a  secret ;  but 
the  same  or  similar  compounds  were  soon  after  discovered  by 
difierent  chemists  in  Europe,  and  the  whole  military  world  was 
set  to  work  making  experiments  on  this  new-found  material, 
which  was  destined,  according  to  some,  to  supersede  entirely  the 
use  of  gunpowder,  thrusting  this  last  into  the  class  of  thiugs 
wliicli,  having  had  its  day,  must  give  way  to  the  march  of  im- 
provement and  later  inventions. 

Prepabation. — ^To  prepare  it,  well-cleaned,  ordinary  cotton  is 
steeped  for  about  half  a  minute  in  highly  concentrated  nitric 
acid.  It  is  then  washed  several  times  in  pure  water  and  dried, 
when  it  is  ready  for  use. 

CnAKACTERisTics. — Guu-cottou  thus  prepared  explodes  like 
ordinary  powder,  when  struck  a  sharp  blow,  or  when  brought  in 
contact  with  a  coal  of  fire.    It  burns  at  about  380°  F. ;  and  will. 
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bra.  Dot  K-t  fire  to  guii]Kiwder  when  bunit  in  a  loose  Btate 
Bjr  Tiirving  the  mode  of  preparation,  it  may  be  made  to 
Bplddo  at  a  iiiiu-fa  lower  temperature ;  and  great  care  eliould, 
wrcfure,  he  taken  in  drying  it. 

In  tbo  lirit  experiments  made,  its  projectile  force  was  found  to 
e  lo  great  as  to  favor  tlie  idea  that  for  military  piirpoees  it  wafi 
'  mperinr  to  gtmpowder ;  it  being  found  tliat  in  moderate 
s  its  force  was  equal  to  tliat  of  about  twice,  or  according 
0  eiperimentcrB  three  timet:,  its  weight  of  the  best  powder, 
hit  by  further  cciierime-iits  it  was  found  that  its  cxplosire  or 
iting  force  ia  much  greater  than  that  of  ordinary  gunpowder, 
tabling  more  the  action  of  fnlminates.  It  is,  therefore,  in  ite 
I  gans  much  more  injurious  tlian  powder;  though  for 
•  {>ur]i(>se«  it  is  well  adapted,  eepeciftlty  in  sieges,  as,  bnm- 
g  without  any  smoke,  the  workmen  in  the  galleries,  etc.,  would 
IW  lew  incommoded,  though  the  acid  vapors  resulting  from  the 
mbnstion  of  gun'cotton  may  jirove  as  objectionable  as  smoke. 
I  thy  rapidity  of  its  action,  too,  it  is  suitable  for  loading 
I,  which  are  bnrst  into  a  much  greater  number  of  pieces  than 
s  toailed  with  five  times  the  amount  of  ordinary  powder. 
When  compreSBed    by  hard  ramming,  as  in  Ulling  fuses,  it 

•  slowly. 

It  u  more  liable  than  powder  to  abaorb  moisture,  by  which  its 

"  I  rapidly  diminished  ;  but  by  drying  it  is  immediately  re- 

1  with  but  alight  diminution  of  etrungth,  posscesiog  thus  one 

It  adrfttitage  over  ordinary  powder,  which  ia  very  difficult  to 

When  well  prepared,  it  leaves  no  perceptible  stain  wlien  a 

"1  qaanttty  is  burnt  on  white  paper.     The  principle  residua 

wti  ita  combustion  arc  water  and  nitrous  acid  ;  which  last  is  very 

■ItJDritma  to  t})u  gun,  soon  corroding  it  if  nut  wiped  after  firing. 

Vbux-ttt. — In  iho  experiments  made  at  Washington  in  1846, 

It  WM  dclcniiinud  that  sixty  grains  was  the  pn^per  charge  to  give 

Flbe  requisite  fun;«  to  the  nmtiket  ball  fur  sorvic(> ;  and  to  test  its 

ipfilicability  to  our  muskota,  in  wlich  two  or  more  cartridges  arc 

riwqnantly  ina(!rted  by  mistake,  a  barrel  was  loadc-d  with  120   | 

pnins,  a  ball  and  wad.     Ou  being  fired  it  buret  iit  the  brocch. 

Another  bomd  was  then  loaded  with  two  charges  of  eixty 

^ptins  each,  one  ball,  and  a  wad.     This  barrel  al»o  burnt,  blowing 

DMt  of  tlio  opening  tiio  upper  charge  nubumt 
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A  third  barrel  was  loaded  with  a  charge  of  sixty  grains,  two 
balls,  and  two  wads,  and  by  the  discharge  was  somewhat  swelled 
at  the  seat  of  the  shot,  and  on  being  fired  again  wit^  the  same 
load  burst. 

These  barrels  had  all  borne  the  regular  proof  charges  at  the 
armory ;  and  the  results  fully  demonstrate  that  the  use  of  gun- 
cotton  is  unsafe  in  our  present  small  arms ;  nor  is  it  probable  that 
the  advantages  resulting  from  its  use  will  compensate  for  the 
increased  weight  necessary  to  be  given  the  piece  to  guard  against 
the  accidents  of  service. 

The  experiments  in  this  country  with  cannon  have  not  been 
quite  so  extensive  as  those  with  small  arms ;  but  it  is  reported 
that  very  extensive  ones  have  been  lately  carried  on  in  Austria, 
that  they  have  been  very  favorable,  and  that  the  arsenals  of  that 
country  are  now  engaged  in  casting  short,  thick  howitzers  for 
the  express  purpose  of  using  gun-cotton. 

In  Major  Mordecai's  experiments  with  a  twenty-fonr-pounder, 
it  was  found  that  two  pounds  of  gun-cotton  gave  the  same  initial 
velocity  (1,422  feet)  as  four  pounds  of  good  cannon  powder ;  and 
by  analogy  it  is  calculated  that  to  produce  the  same  mitial 
velocity  as  is  furnished  by  one  pound  of  cotton,  would  require 
two  and  a  quarter  pounds  of  common  powder,  which  is  about  the 
same  proportion  as  in  the  musket. 

Gun-cotton,  if  not  designedly  colored,  has  nothing  to  distin- 
guish it  in  appearance  from  ordinary  cotton ;  it  would,  therefore, 
to  avoid  accidents,  be  well  to  dye  it,  which  can  be  done  without 
injuring  its  ballistic  properties.  Compressed  in  the  hand  it  pro- 
duces a  peculiar  crackling  sound,  resulting  from  the  fact  that  the 
oily  matter  which  imparts  to  raw  cdtton  the  same  kind  of  adhe- 
sion as  exists  in  wool,  has  entirely  disappeared  by  the  action  of 
the  acids. 

Space. — Ordinarily,  gun-cotton  occupies  double  the  space  of 
the  same  weight  of  powder,  though  by  compression  it  may  be 
made  to  occupy  only  about  one-third  that  occupied  by  the  same 
weight  of  powder. 

Heat. — ^The  influence  of  heat  on  gun-cotton  is  much  more 
marked  than  on  gunpowder.  Sulphur  commences  to  evaporate 
at  35°  K.  (110.76  F.),  but  so  slightly  that  ordinary  powder  may 
be  submitted  to  that  temperature  without  any  loss  in  weight  or 
eflFect  being  perceived.    Powder  inflames  at  240°  K. ;  whereas 
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otton  exposed  to  fmm  10  to  12''  R.  {54.50—59"  F.)  for  a 
r  tUys  16  dccotnjujaed ;  the  gas  (oside  of  nitrogen)  escapes ;  and 
tobining  with  tlio  oxygeu  of  the  air  forms  gaeeoup  nitric  acid; 
1  tltU  takt»  plftt'c  in  a  few  lioars  at  a  temperature  of  35°R.  or 
Ouu-fiuttuu  iiiflamtiti  at  a  temperature  only  about  one- 
toiir  that  ocoeiMarj  to  inflame  gunpowder ;  and  in  one  particular 
ca«,  it  has  taken  place  at  a  jwint  niiicb  below  the  boiling  point 
<jf  water.  It  ia  also  more  easily  exploded  hj  a  blow  thaii  gun- 
powder. 

CuMFsmns. — If  gun-cottoit  is  compressed  bo  m  to  diminish 
»  Tulnmu  iDfire  than  one-fifth  its  ordinary  hulk,  its  combustion 
■Rtudod  rerj-  much,  and  ita  projectile  eflTect  may  be  entirely 
lyed.  PrcMfd  into  a  metivllic  tube,  &u;<;pended  as  a  pcndu- 
i,itbanu  very  Bli>wly  and  without  imparting  any  iiiotiun  to 
llpoululum,  whiUt  under  the  same  circumstances  gunpowder 
L-onaidcrable  oBcillation.  A  piece  of  gun-cotton  held 
lUy  between  th«  finf;or§,  or  wrapped  closely  with  paper  and 
l^ted,  hurmt  up  Ut  llie  fingers  or  paper  and  then  gi^'cs  out, 
I  Cost. — II  in  eetimatod  tliat  the  cost  of  manufacturinp  gun- 
BluiUng  the  co6t  of  the  ingredients^  is  tlirec  times  as 
t  of  ordinary  gunjwwder;  but  before  it  can  be  made 
UBJiitiuD  it  has  to  undergo  another  operation,  whirli 
I  the  cost  considorably.  The  charges  of  ordiuar}- 
enot  uvigfud,  but  meagiired  with  instruments  pre- 
einirpoK;  bat  sn,  gun-cotton  cannot  bo  so  measured, 
•  have  to  be  all  weigbcl,  which  will  take  ten  times  as 
I  s  lo^o  number  of  accurate  balances  and  other 
1  must  be  carried  into  the  field,  to  say  notliing  of 
■Ity  fur  the  employment  of  reliable  and  skillfnl  men. 
Hie  principal  advantage  claimed  for  gun-cotton  is  that  u 
« of  it  produces  as  nmch  effect  as  three  times  tbe  nmount 
f  pMrdcr;  but  tliU  claim  loses  much  of  it«  force  when  it  is  re- 
1  that  the  two  charges  uccnpy  about  the  tinme  amount 
\  the  volume  of  one  pound  of  gun-cotton  being  equal  for 
e  to  lliat  uf  three  pounds  of  gunpowder,  go  that  in  regard 
PfpM*  nothing  is  gained  by  tliis  reduction  in  weight,  wliieh, 
ET,  in  the  whole  armament  of  an  ammunition  wagon 
d  be  rer;  litUc 
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Br  the  term  artillery,  is  meant  all  fire-arme  of  large  caliber, 
together  with  the  mechanical  machines  and  implements  UBcd  with 
them.  It  also  refera,  in  a  technical  Eenge,  to  the  art  of  constroct- 
ing,  preserving,  and  using,  all  kinds  of  machines  and  munitionB 
of  war,  as  well  as  to  the  particular  troops  which  perform  these 
diiferent  duties.  In  the  United  States'  service,  these  duties  are 
distributed  between  two  different  corps,  the  artillery  and  the  ord- 
nance ;  the  former  being  entrusted  with  the  use  of  the  arms 
and  munitions,  and  the  latter  with  their  construction  and  preaerv- 
atioQ. 

Obdsamce, — ^The  term  ordnance  is  applied  to  the  guns  them- 
selves ;  and,  in  the  United  States'  service,  the  ordnance  is  divided 
into  guns,  hmoitzera,  and  mortars. 

FoKU. — ^The  form  originally  given  to  ordnance  was  that  of  a 
truncated  cone,  both  within  and  without,  similar  to  the  common 
liousehold  mortar,  which  is  supposed  to  have  first  suggested  it 
This  was  first  used  as  our  present 
mortars  are,  stone  balls  being  em- 
ployed.   It  gave,  however,  but  little 
velocity  or  accuracy,  from  the  fact 
that  as  soon  as  the  ball  moved  from 
its  position,  the  greater  part  of  the 
force  of  the  powder  was  lost  by  the 
iig.  14.  gas  escaping  around  its  sides,  and  no 

certain  direction  could  be  given  to  it  in  the  bore  of  the  piece. 
The  escape  of  gas  was  so  much  greater,  too,  as  the  powder  then 
used  was  in  the  form  of  dust,  and  burnt  very  slowly. 

To  get  the  full  force  of  the  powder,  the  bore  was  made  nearly 
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Irical,  from  four  to  ciglit  times  its  diameter  in  length,  and 
inated  bv  ft  lonp  njirrow  chaynber,  tlie  object  of  which  was  to 
lifflenlt  for  the  gas  to  escape ;  and  this  was  further 
iucrrULsl  by  stopping  the  mouth  of 
tlic  chnmbpr  witli  a  wooden  1 
jiiiin  driven  down  against  the  f 
.Ilt,  The  bore  wae  finally  mnde  per- 
fectly crlindrical,  the  piece  called  a  ^* 
tU'fM  Di'trtar,  and  used  to  fire  nearly  horizontally  like  our  present 
gun.'  and  h'^witzcra.  Fig.  15.  From  the  earliest  times,  the  di- 
WBvtcr  of  tlie  projectile,  or  that  of  the  bore  of  the  piece,  has  been 
s  a  unit  in  tho  construction  of  the  pieces.  Tliese  ancient 
i  were  originally  made  by  placing  together  bars  of  iron,  and 
iping  them  like  the  etaven  of  a  barrel.  They  were  then  made 
tyaryfJ,  and  finally  of  coat  iron.  Sronze  pieces  were  used  as 
B  1360. 

i]-u)ADiNG. — Loading  at  tho  hreecb  v;&f  early  attempted  ; 

»ad  for  tliie  purfioiH;  a  rcc-  n ^^ q 

tihtiear  cnlur^umcnl  was  — ^CJ! — aZ-JL^—  **  ■ 

JAIb  the  piece,  in  which 
I"*!!  iiuert4Ml  n  box  con- 
bising  the  piiwder,  kept  *■'<■  "^ 

bita  place  by  a  wedge  and  key,  Fig.  10,    But  this  construction 
n*  fuund  wanting  in  solidity,  and  was  soon  abandoned, 

Xjcxam. — It  was  thought,  reasoning  from  the  analogy  between 
■nsll-tnna  and  cannon,  that  tlie  longest  gnns  were  tlie  most 
lActiTe;  but  the  question  of  mobility  and  the  difficulliesof  fabri- 
aUica  paused  it  to  be  laid  down  as  a  principle,  tiiat  the  largcBt 
alibcn  Gh9uld  bv  proporti'>nally  the  shortest  and  lightest,  so  that 
tLe  fmall  calib«n  approaclicd  more  nearly  in  dimensions  the 
piirtablo  arm*.  S>.iriic,  however,  were  mnde  very  long,  and  one 
u  Dientiuncd  2B  feel  in  length,  carrying  an  18  lb.  ball. 

When  powder  instead  of  being  used  in  the  form  of  dust  was 
)rnttirt/,  itj  rate  of  homing  being  much  increased,  the  very  long 
jM,.  .  l.,^i  tlietr  adrantages;  for  tho  nearer  the  combustion  of  a 
1  ■"  !■  r  npproaches  to  being  instantaneona,  the  less  necessity  there 
(Aw:*  fup  having  the  gun  long  in  order  Uiat  the  boll  shall  receive 
the  full  rffect  of  the  powder  before  it  leaves  the  uioiith. 

Under  Cliarlea  V.  an  enormous  piece  was  cast  at  Genoa,  which 


Wk 


52  ARTILLERY. 

was  fifty-eiglit  calibres  long,  and  carried  a  ball  tliirty-six  pounds 
in  weight.  It  had  less  range  than  an  ordinary  twelve-pounder, 
and  was  about  being  re-cast,  when  the  expedient  was  adopted  of 
cutting  off  from  the  muzzle,  first,  eight  calibres,  then  six,  and 
then  one ;  and  the  range  was  found  to  increase  as  the  piece  be- 
came shorter;  which  shows  that  there  is /br  each  piece  a  maQcir 
mum  lengthy  which  should  not  he  exceeded.  The  reason  of  this 
seems  to  be,  that  for  any  increase  of  length  over  what  is  necessary 
to  insure  the  total  combustion  of  the  powder  before  the  ball 
leaves  the  muzzle,  a  loss  of  velocity  follows  from  the  friction  of 
the  ball  against  the  sides  of  the  bore.  This  limit,  from  experi- 
ment is  found  to  be  about  twenty-four  times  the  diameter  of  the 
bore.  In  the  United  States'  service  the  length  of  the  pieces  varies 
from  fourteen  to  twenty-three  calibres. 

Calibre. — ^Each  power  at  first  adopted  a  series  of  calibres  or 
weight  of  ball,  decreasing  in  geometrical  progression.  The  first 
was  32,  16,  8,  4,  2,  forming  the  French  calibres,  and  the  second, 
48,  24,  12,  6,  3,  IJ,  forming  the  German.  In  time,  each  nation 
adopted  one  or  other  of  these  series.  This  was  found  necessary 
from  the  immense  multiplicity  of  calibres,  and  the  want  of  uni- 
formity among  them. 

Tliis  large  number  of  calibres  being  found  very  disadvan- 
tageous in  war,  the  number  was  reduced  to  five  by  Charles  IX. 
In  1732  France  adopted  her  first  regular  system  of  artillery,  but 
it  was  too  heavy  for  field  service,  and  the  teams  being  harnessed 
in  single  file,  it  was  very  difficult  to  move  at  a  rapid  pace. 

In  1765  this  system  was  replaced  by  that  of  Gribeauval,  who 
introduced  many  improvements,  especially  in  the  carriages,  and 
formed  a  distinct  artillery  for  service  in  the  field,  lighter  than  the 
old,  and  drawn  by  double  teams.  Since  that  period  the  French 
calibres  have  varied  but  little,  the  precarious  condition  of  politics 
in  Europe  rendering  a  total  change  at  any  time  dangerous,  to  say 
nothing  of  the  immense  expense. 

Mortars  and  HowrrzERS. — Short  chambered  pieces,  fired 
under  large  angles,  similar  to  our  present  mortars,  are  of  a  very 
early  date,  and  were  used  in  Flanders  in  1478  to  crush  and  set 
fire  to  buildings  in  sieges.  The  attempt  was  also  early  made  to 
throw  hollow  projectiles  filled  with  powder,  and  carrying  with 
them  a  lighted  match  to  explode  them.    According  to  Villaret 


-:icli  pnijcrtik'S  wei-e  made  u&e  of  nt  Eoriieans  in  1452;  Imt  it  is 
•  rwbtthle  that  tlie  accidents  oonBequent  upon  their  iniperfwt  coe- 
miction,  catiwd  them  to  be  very  eoon  abandoned.  Tlie  fuze  wag 
!  hy  n  man  standing  ricHr  the  muzzle,  at  tlie  saine  time  that  the 
duu]^  iraa  fired.  General  Cotty  eays  the  Turlis  made  hbo  of 
the  eiogo  of  Rhodes  in  1522.  A  work  of  TartagUa 
t7)  raprvsciita  oii  inflamed  eliull  thrown  from  a  short  piece 
nilwr  in  every  way  to  our  niortar«.  It  was  not  imtil  1634  that 
e  projectiU'8  were  introduced  into  France,  givuig  birth  to  tlio 
ml  mortar. 

Efforta  were  also  made  to  throw  hollow  projectiles  from  stone 

»  and  gnns ;  but  the  loading  was  so  difficult,  and  so  many 

McntB  happened,  tliat  the  attempt  was  abandoned,  until  tlie 

tch,ha%'ing  reduced  the  pieces  to  such  a  length  that  the  charge 

'i  be  p!aL-cd  in  by  band,  again  brought  them  into  use.    Tlie 

et  from  wbieh  they  were  fired  were  called  hoirtizers,  from 

kfttOtraan  haubitz,  and  were  introduced  into  France  in  1749. 

fwere  vcrj*  similar  in  appearance  to  the  present  eight-inch 

9  liowitzcr  of  unr  service, 

lb  Ra(»Iiui«  continued  to  muke  nee  of  long  howitzers,  after 

!f  roi>«)#  lo  load  ibem  without  danger,  calling  them  Licoms. 

1  all  Enropeaii  powers  adopted  tlicin  abi>nt  l^SO. 

CoSBrsrfmos. — Tlic  general  principles  npon  which  cannon  of 

«  pnafmt  day  are  constructed,  are  the  results  of  exjwrinients 

1  calculation.     In  ]>lace  of  the  extremely  heavy  pieces,  the 

T^eo  of  which  wftB  BO  difficult,  and  the  small  pieces  scarcely 

B  fonnidable  than  small  arm*,  and  the  employment  of  which 

I  harm  by  dvcrt-wing  the  moral  effect  of  artillery,  a  ei-rtain 

|,lKnbur  «f  mean  calihi'cs  has  been  adopted,  regai-d  being  had  to 

r  destination.    Tlio  maximimi  effect  to  bo  produce^l  under 

)r  (urcDnwtaiici!  of  war  ha^i  been  determined,  by  which  was 

"•"lainL-d  the  maximum  calibre  for  each  6er^■ice. 

Yur  the  inferior  Ibnit,  a  calibre  large  enough  to  act  powcr- 
rwllT,  )H>th  phyiically  and  morally,  is  taken.  lieuce  results,  that 
-J'  :■'■•<  ,-^  ponvM  tbu  nix:esBary  efHcacy  and  degree  of  mobility 
';  liiL-i.i  in  tho  different  circumstances  under  which  tliey  are 
^'j.  and  thai  the  nnmber  of  calibres  i8  reduced  as  much  as  po8- 
•iUc;  which  lauiUlate*  tlie  ciuipmeut,  and  render  replacements 
in  tlie  field  ewy. 
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Materl^^ls. — ^Pieces  for  service  in  the  field  are  generally 
made  of  hrome^  or  gun-metal,  a  mixture  of  one  hundred  parts  of 
copper  and  eleven  of  tin.  This  mixture  possesses  great  tenacity ; 
which  allows  a  diminution  in  thickness  and  an  increase  in  length 
for  a  given  weight,  a  matter  of  considerable  importance  in  the 
manufacture  of  guns. 

By  increasing  the  proportion  of  tin  in  bronze  it  becomes 
harder,  but  more  brittle  and  fusible.  If  the  tin  is  decreased,  the 
metal  becomes  too  soft  and  loses  a  part  of  its  elasticity.  Between 
eight  and  thirteen  per  cent,  is  generally  used. 

Bronze  is  almost  entirely  free  from  any  ill  effects  resulting 
from  exposure  to  air  and  moisture.  It  has,  however,  the  disad- 
vantage of  being  a  very  dear  material  for  guns,  being  seven  or 
eight  times  more  costly  than  cast  iron ;  the  price  of  bronze  guns 
in  this  country  being  about  forty-five  cents  per  pound,  whilst  that 
of  iron  is  only  about  six  or  six  and  a  half  cents  per  pound. 

Tlie  bore  in  bronze  guns  is  more  apt  to  be  injured  by  the  shot 
than  in  iron  gims ;  as,  the  iron  being  much  harder  than  bronze, 
when  the  shot  strikes  against  the  sides  of  the  bore  the  indenta- 
tion is  greater  than  in  the  iron  gun. 

Naval  guns,  and  those  used  in  garrisons  and  sea-coast  de- 
fenses, are  generally  made  of  cast  iron ;  which,  besides  being 
cheaper,  is  not  furrowed  and  cut  up  by  the  shot,  and  the  pieces 
preserve  their  accuracy  of  fire  to  the  last.  Iron  has  the  disad- 
vantage of  being  less  tenacioiis  than  bronze,  rendering  necessary 
increased  thickness  for  strength,  and  decreased  length  for  a  given 
weight.  It  has  no  elasticity,  in  consequence  of  which  the  metal 
gradually  loses  its  force  of  cohesion  from  firing,  and  withont 
giving  any  sign  of  danger  the  piece  bursts  unexpectedly,  even 
when  fired  witli  light  charges.     Iron  is  also  very  liable  to  rust. 

These  disadvantages  become  greater  as  the  quality  becomes 
worse.  In  Sweden,  where  the  material  is  excellent,  all  pieces  are 
made  of  iron.  So  also  are  all  United-States  guns  and  howitzers, 
except  those  used  in  field  artillery.  In  France,  both  field  and 
siege  and  garrison  guns  are  made  of  bronze,  which  is  also  gen- 
erallv  the  case  in  Mexico. 

Attempts  have  been  made  to  make  bronze  pieces  with  cast  or 
wrought  iron  bores,  but  have  failed ;  the  difference  in  tenacity, 
elasticity,  and  expansion  causing  separation  between  the  envel- 


[■(A.   Varuins  efforte  Lave  been  made  to  use  forged  iron ;  but  tho 

■iilScally  of  wcldiug  it  completclvj  especially  with  large  masgea, 

lii«  liigh  jirice  of  niHiinal  labor,  the  want  of  elasticity  of  the 

mctkl,  and  the  wtuit  of  Uardnese  relative  to  cast  iron,  render  very 

iloitbtfiil  the  ad\'ftntAgei4  claimed  for  gims  made  of  it  bv  some 

s3tfaon;  ftt  tiie  head  of  whom  stands  the  celebrated  Mr.  Mallet, 

^bow  Talnablo  work  on  cast  iron  coutaine  a  mass  of  interesting 

knd  ittetnictive  information  for  the  artillery  student     Forged 

fvoa  lunslly  fail  from  dofwtive  wtlding,  especially  after  uee  and 

apg«nr«  lo  tlii'  air  and  moisture  ;  the  least  opening  gives  rise  to 

niU,  K-hicli  of  course  soon  weakens  tlio  nnion  between  the  differ- 

ttr*  jriM*  t,r  the  incia).    This  pccnliar  weakness  of  wrought  iron 

s-;[l  1-1'  bvtttir  understood  when  it  is  stated  that  there  is  no  iron 

f  ►■  vli.su  a  texture  a^  to  [iroveiit  gaees  or  even  fluids  from  paea- 

'--.::  jii.iiigh  its  fibres.     Grease  will  penetrate  through  tlie  sides 

'i:  !.r.  '.-"n  |iot ;  and  tlio  finest  steel  blade,  if  oiled  and  bent,  and 

uU  wiped  off  clean,  will,  when  alluwod  to  resume  its  natural 

irilioii,  exude  particles  of  oil,  thus  showing  that  tlie  fluid  has 

i  tliu  ]>orus  of  the  metal. 

Tbi    Bokk. — ^Thu  bore  of  gtios  id    gmooth,  though    many 

itteiuptA  linTc  Imscu  made,  by  cutting  grooves  in  them,  to  produce 

rile  motion  in  the  shot ;   a  much  more  difficult  problem  than  in 

•nail  amu,  »iuce  the  metal  of  camion  balls  is  too  hard  to  be 

forrcd  into  the  gnK>ve«  as  in  a  common  riHe. 

Ridiocbet  tiring  plavfl  a]i  importaut  part  in  warfare,  since  by 

e  (•atmding  along  of  tlie  ball  on  the  surface  of  the  ground, 

e  reached  not  otlicrwiso  attainable  hy  direct  fire.    TliC 

I  for  richocbet  tiring  being  tlio  spherical,  a  ball  of  that 

Mring  K  girdle  around  it  on  otie  of  its  great  circles  similar 

jrtUb  rifle-bnllet,  would  present  some  of  the  advantages 

,  without  losing  all  those  of  one  firetl  from  a  emtioth 

i  put.     iiat  the  great  difficulty  is  in  compelling  the  girdle 

I  follow  the  groove  in  the  gun.     If  it  becomes  in  the  least 

I  tlio  progreu  of  the  ball  is  arrested,  and  with  the  im- 

e  fotve  of  tlie  expanding  giwes  behind  it,  the  gun  is  very 

Pt  to  bnimt.    Though,  in  this  particular  method  of  rifling  balU, 

e  danger  la  Ic9a  than  witli  elongated  projectile!*  (as  in  a  sphere 

a  centres  of  gravity  and  figure  aro  but  slightly  separated),  the 

B  uf  rot«tii>n  required  to  retain  the  ball  in  the  vertical  plane 
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of  fire  need  not  be  so  strong  as  witli  elongated  projectiles,  and 
the  inclination  of  the  grooves  may  be  reduced  sufficiently  to 
allow  the  girdle  to  follow  them,  even  with  strong  charges. 

When  elongated  projectiles  were  used,  buttons  were  placed  on 
each  side  of  the  cylindrical  portion,  which  fitted  into  the  grooves 
of  the  gun  and  produced  rotation.  But  great  care  had  to  be 
taken  in  placing  them  in  the  gun ;  and,  during  some  experiments 
at  West  Point,  in  1858,  a  gun  of  the  kind  was  burst,  probably 
either  from  the  shot  getting  a  little  out  of  its  proper  direction, 
and  becoming  jammed  in  the  bore,  or  from  too  great  a  reduction 
in  the  windage. 

No  difficulty  is  found  in  cutting  the  grooves  in  the  gun,  thanks 
to  the  marvelous  improvements  made  in  machinery,  and  they  can 
be  made  of  any  number,  size,  shape,  or  curve,  with  ease.  The 
only  difficulty  being  in  making  the  shot  follow  them, — a  subject 
which  will  be  more  fully  discussed  under  the  head  of  ^^ Projectiles.^^ 

The  friction  of  iron  against  bronze  being  one  of  the  lightest 
known,  bronze  pieces  would  make  the  best  rifles  for  firing  the 
kind  of  projectiles  just  mentioned. 

Exterior  Form. — Cannon  are  in  general  of  a  truncated  con- 
ical form,  with  a  cylindrical  opening  along  the  axis  to  a  certain 
depth.  The  strongest  part  surrounds  the  seat  of  the  charge.  The 
form  is  one  adapted  to  the  effects  of  powder,  the  gases  of  which 
act  equally  in  all  directions,  and  with  a  decreasing  force  as  the 
projectile  moves  towards  the  mouth  of  the  piece.  Hie  rate  of  this 
decrease,  however,  was  comparatively  unknown  until  the  late  Col. 
Bomford,  of  the  Ordnance,  succeeded  in  demonstrating  an  approx- 
imate law  by  an  ingenious  device.  Commencing  near  the  muzzle 
of  an  ordinary  piece,  a  hole  was  bored  perpendicular  to  the  axis. 
In  this  a  pistol-barrel  was  securely  screwed,  and  a  bullet  inserted 
in  it.  The  velocity  of  the  bullet  blown  out  by  the  discharge  of 
the  gim  was  measured,  and  similar  experiments  being  made  in 
succession  at  different  points  along  the  piece,  a  series  of  velocities 
increasing  toward  the  breech  was  obtained,  showing  the  relative 
force  of  the  powder  at  the  various  points,  and  giving  an  indica- 
tion of  the  requisite  thickness  of  metal.  On  the  data  thus 
obtained,  our  first  shell-guns,  or  columbiads,  were  formed. 

Weight. — ^The  weight  of  a  piece  is  determined  by  that  of  its 
projectile,  and  the  maximum  velocity  necessary  to  give  this, 
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uconUog  to  tbo  eerrica  in  vluch  it  is  to  be  need.  It  is  evid^it 
tliat  in  ciuiQon,  as  in  smaU-arme,  tlie  piece  is  acted  on  hy  a  greats 
effort  than  that  vrhicli  throws  tlie  projectile  forward  ;  the  differ- 
EDce  in  Uiu  rt:sidt  Iioiug  due  to  the  weight  and  friction  in  the 
gun.  Tiie  recoil  of  the  gun  will,  therefore,  become  greater  as  it 
becoinG»  lighter,  and  tlio  re\ersc 

Hiu  velociticii  varj"  inversely  as  the  m&sses  {Y :  v  : :  m :  M) ; 
tiiuvforc  b;  making  the  piece  300  times  heavier  than  tlie  ball,  the 
reeoil  will  be  ecarceljr  1-3011  of  what  it  would  hiive  been  had  the 
pece  and  ball  been  of  equal  weight.  Take  the  case  of  an  iron 
IS-pdr.  (SOO  times  heavier  tliHU  its  hall)  which,  giving  with  S  lbs. 
•fptiwdef  an  initial  rolocity  of  1742  ft.,  would  recoil  'jY^  =5.8  ft., 
a  Telocity  not  Um  great  for  tlic  preservation  of  the  carriage,  which, 
by  its  friction  on  the  platform  or  ground,  decreases  still  farther 
Uw  recoil.  Had  the  piece  been  but  100  times  heavier  tliui  its 
•hot,  as  ]a  about  the  case  with  the  12-pdr.  Jidd-gun  (121  times), 
Uie  velocity  of  recoil  would  have  been  tliree  times  as  great,  op 
17.1  ft,  and  tbo  carriage  would  be  destroyed  unless  the  charge 
wit  diminished  ;  and  in  field  artillery  this  is  done. 

Tie  weight  of  the  ball  and  the  velocity  it  is  to  have,  being 
prm,  tlio  weight  of  the  piece  beconit-s  known ;  and  then  the  metal 
tididHbiitcd  along  its  length,  in  the  way  that  experiment  proves 
ii  UkMt  saitttblu  to  resist  the  force  of  the  powder.  The  piece  is 
oado  thicker  as  the  tenacity  of  the  metal  decreases. 

Koasi. — If  tlie  tension  of  the  gas  diminished  at  a  uniform  rate, 
'■liz  >anaceof  tlic  piece  might  he  continuous;  but  it  is  nut  so,  and 
t'jf  I  i.-cu  pTvseata  several  truncated  cones,  forming  offsets,  which 
4.1'  n;ii-lied  off  with  mouldings.  Tbeseconcs  arc  called  mn/WvM/ 
'1.-^  ->!.>.-  nuxt  tbe  breech  being  the  first,  the  next  one  the  second 
r\*in!'.n>%  and  the  tljird  the  cAate.  Tbe  different  tliickueeses  arc 
•^  ciili-ulatcU  sfi  to  offer  E>ufiicient  resistance  to  the  force  of  the 
wdvr  and  tbe  shock  of  tlie  proje<:tileB. 

If  tbo  action  of  the  gas  alone  was  considered,  it  would  be 
y  to  give  but  little  thickni!ss  towards  the  muzzle.     But  the 
r  of  the  projectilwi  glancing  along   the  bore  would  soon 
gun  the  arcuracy  of  fire  of  a  piece  so  constructed,  and  a  thick- 
I  greater  than  is  rcquirMl  merely  to  resist  tbe  force  of  the 
rder  u  neccAMtn'. 
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Tlie  chase  is  terminated  by  the  swell  of  the  muzde  in  guns, 
and  a  mtizzle  band  in  howitzers,  an  increase  of  thickness  which  iff 
found  necessary  to  prevent  the  mouth  from  splitting  from  the 
shocks  of  the  projectiles. 

The  interior  of  guns,  called  the  bore^  is  perfectly  cylindrical, 
and  has  a  diameter  greater  than  that  of  the  shot ;  the  difference 
between  the  two  is  called  the  wind<ige^  the  object  of  which  is  to 
insure  the  service  of  the  piece,  and  prevent  any  diflSculty  in  intro- 
ducing the  projectile,  either  from  the  formation  of  rust,  or  from 
heat,  as  in  firing  h^t  shot. 

Windage  diminishes  the  accuracy  of  fire,  weakens  the  effect 
of  the  charge  by  allowing  an  escape  of  gas,  and  is  the  principal 
cause  of  deterioration  in  cannon.  It  is  therefore  of  importance  to 
make  the  windage  as  small  as  possible  compatible  with  ease  and 
efficiency  in  loading. 

Length.' — The  weight  of  a  piece  and  its  thickness  being  given, 
its  length  is  determined ;  yet  in  some  cases  a  certain  length  is 
indispensable,  as  in  the  case  of  embrasure  guns,  where  the  muz- 
zle must  project  so  far  into  the  mouth  of  the  embrasure  as  not  to 
injure  the  cheeks.  Then  the  question  of  length  is  more  difficult 
to  solve. 

At  first  sight  it  would  seem,  that  the  longer  the  piece  the 
greater  would  be  the  velocity  impressed  on  the  ball ;  but  the 
shocks  and  friction  of  the  latter  counterbalance,  and  might  end 
with  exceeding,  the  action  of  the  motive  force.  For  this  reason 
broiize  pieces  are  not  made  longer  than  21  or  25  calibers.  Iron 
dieces,  in  order  to  render  them  movable,  and  in  consequence  of  the 
want  of  tenacity  in  the  metal  are  made  generally  shorter,  though 
our  12-pdr.  iron  gun  is  longer  than  the  12-pdr.  bronze  field-piece, 
an  anomaly  which  probably  results  from  the  necessity  for  length 
in  the  first  piece,  and  lightness  in  the  second.  The  limit  of  length 
appears  to  be  more  extended  for  small  calibers  than  for  large ; 
and  for  very  dense  projectiles  than  for  those  of  little  density. 

Chamber. — ^When  a  light  piece  is  intended  for  throwing  large 
and  heavy  projectiles,  the  effect  of  recoil  may  bo  lessened  by  em- 
ploying small  charges  of  powder ;  but  as  they  would  be  difficult 
to  manage,  and  would  form  but  a  small  mass  retained  with  diffi- 
culty in  its  proper  place  in  the  gun,  a  cavity  called  a  chamber  is 
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made  in  the  l>ottoin  of  the  bore,  designed  tu  keep  the  powder 
ti>p?ther  in  its  pn»j»er  jdace,  and  hy  keeping  it  mure  more  con- 
finc^K  increasing  its  efBeieney. 

Hierv  are  three  kiiult^  of  chambers : 
the  cjflimlrical  (A),  Fig.  17,  conical 
(I{),  ami  ft]»herical  (C). 

Ctlixpbical. — In  the  first,  the  hot- 
tf»ni  of  tlie  (Mire  at  the  month  of  the 
chanilier  ii*  funned  o(  a  porti<»n  of  a 
Fphere,  6«j  that  the  j)n»ji»ctile  chases  the  mouth  of  the  chamber. 
Tlii«  i»  the  chamber  ui^kI  in  our  ditfi^rfnt  howitzc-rii,  and  in  the 
Ofinrnvette  m«»rtar.  It  i»*,  however,  joined  to  the  bore  in  the  way 
alM-^re  tlc»cril»ed  only  in  the  epmnvette,  and  in  one  of  the  howit- 
zers (the  ?*-in.  Hege).  In  the  other  howitzers  it  is  connectc<l  by 
mean*  of  a  conical  Mirface,  the  junctiouB  being  roun<k*<I  off  to  jire- 
rent  Inking  woni  away  by  the  action  of  the  jwiwder.  Cylindriral 
chambers,  when  narrow  and  di-ep,  give  gnnter  ranges  tl:an  shal- 
low wide  ones,  which  do  not  confine  the  powder  fit*  much,  but  as 
in  the  fonner  the  gas  acts  on  tiut  a  small  segmmt  of  the  pn»jiT- 
tile  (usually  hollow),  it  sometimes  breaks  it ;  and,  for  this  reason, 
lo^»  grt-at  a  de]»th  in  cylindrical  chamt»ers  is  avoided. 

Tlie  <7*/#/i^r  cliand»cr  (after  its  invent«'r)  consists  of  the  fnis- 
tnxm  <>f  acone  connwteil  with  the  bore  by  a  portion  of  tlie  sur- 
face of  a  spheri\  Tin's  kind  of  chamber  is  considtTiNl  the  m<»(;f 
a<rlvantageiius  for  mortars,  nnd  is  used  in  most  of  ours.  Hi  ing 
large  at  the  mouth,  it  aHows  the  {Niwderto  act  on  an  entire  hm;!- 
•phcre  of  the  pnijectile,  and  no  risk  is  run  of  bn-iking  it.  It, 
however,  givtw  a  less  range  than  either  <»f  the  others,  but  its 
capacity  is  gn-ater. 

The  fph^ric'il  chamber  consi^ts  of  n  sj»here,  joine^I  to  the  bore 
of  the  piece  by  means  «if  a  huiall  eylindtT  whirh  MTves  as  n  chan- 
nel to  the  gas<»s.  As  this  cylinder  deerenM-s  in  dianietir.  t!M»  gas 
find*  more  flifliculty  in  es<*»ping,  rin«l  greater  force  1*^  ilevelnped. 
Tliin  chamber,  however,  is  even  ni«»re  obji-eiiMnalib*  t!i«n  t}:e  cyl- 
indrical one,  fnim  its  liability  to  bn*:ik  the  ]-roj«*rti!e*,  nltlion;di 
it  pvea  the  greati-st  range  of  the  thne  <'h:injbrrs.  11, i^  ehnniber 
i«,  in  the  first  plac<*  hanl  to  make,  nnd,  in  ure,  nmn  beeomes  foul, 
and  is  rvTV  difficult  to  clean  out.     It  is  now  entirely  Lnvi-n  ui». 

With  pieces  which  arc  fired  nearly  horizuntully,  ai.d  loaded 
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with  a  rammer,  the  cylindrical  chamber  is  the  best,  and  being 
connected  with  the  bore  by  a  conical  surface,  the  charge  slides  up 
into  the  chamber  without  any  diflSculty.  In  the  8-in.  siege  how- 
itzer, which  is  short  enough  to  be  loaded  by  hand,  this  connection 
is  not  necessary,  and  it  is  made  spherical  for  the  purpose  of  using 
the  shell  without  a  aahot,  Tlie  advantages  of  which  will  be  men- 
tioned hereafter. 

For  small  charges  a  chamber  is  always  advantageous,  no  mat- 
ter what  the  length  of  the  piece ;  but  the  advantages  are  more 
marked  the  shorter  the  piece  is  made.  In  proportion  as  the  piece 
is  lengthened  and  the  charge  is  increased,  the  influence  of  the 
chamber  becomes  less  marked,  until  with  a  bore  of  10  or  12  cali- 
bers long  and  a  charge  l-7th  the  weight  of  the  projectile,  it  ceases 
to  be  appreciable.  In  guna  where  the  charges  are  large,  a  cham- 
ber would  diminish  the  velocity  by  lengthening  and  confining  the 
charge,  thus  retarding  its  inflammation. 

In  all  our  guns  and  howitzers,  the  bottom  of  the  bore  is  a 
plane  surface  perpendicular  to  the  axis  of  the  piece,  and  joined  on 
to  the  sides  of  the  bore  by  an  annular  surface  whose  cross-section 
is  part  of  the  circumference  of  a  circle  described  with  a  radius  of 
l-4tli  the  diameter  of  the  bore  or  chamber  at  that  point.  This 
construction,  which  facilitates  the  boring  and  cleaning  of  the  gun, 
adds  somewhat  to  the  solidity  at  the  breech. 

The  vent  is  the  cylindrical  channel  which  serves  to  convey 
fire  to  the  charge.  It  is,  in  our  service,  2-lOths  of  an  inch  in  dia- 
meter, and  is  calculated  in  such  a  manner  that  the  escape  of  gas 
shall  not  be  too  great,  and  that  the  priming-tubes,  wires,  &c., 
used  with  the  pieces,  may  be  large  enough  for  effective  service. 
In  general,  the  vent  enters  the  bore  at  a  distance  from  the  bottom 
equal  to  l-4th  the  diameter  of  the  bore ;  that  is,  just  where  the 
curved  surface  joining  the  two  commences.  It  usually  makes  an 
angle  of  80°  with  the  axis  of  the  piece,  which,  besides  giving  a 
greater  thickness  of  metal  to  pass  through,  makes  it  more  con- 
venient to  prime.* 

In  bronze  pieces,  the  heat  and  current  of  gas  through  the 
vent  melts  out  and  carries  away  the  tin^  rapidly  widening  the 

*  This  inclination  of  the  vent  is  objectionable  when  friction-tubes  are  used,  by 
rendering  it  easier  to  pull  the  tube  out  of  the  Tent  The  vents  of  the  new  guns,  12, 
64,  and  128  pdrs.,  have  in  consequence  been  placed  perpendicular  to  the  axis. 
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apertare.  For  tliis  rcseon  tho  vent  is  made  in  a  vent-piac^  of  pure 
ci'ppur  screweil  into  tlie  gnu,  which  enables  m,  when  the  veut 
bt<^Jmes  too  much  enlarged.  U>  rephice  it  bj-  antither.  When  this 
ciiarj^a  uacfl  arc  vory  email,  and  the  projectile  not  very  heavy,  no 
vcal-iiicco  16  used.  In  iron  pieces  the  vent  is  made  in  the  metal 
itfcdf. 

AVith  tlic  usual  charges,  the  inflneiice  of  the  poeitioa  of  tlie 
tuif  on  the  force  of  the  ehot  or  recoil  does  not  appear  to  he 
I^TOtt,  whctlier  it  rnitero  at  the  middle  or  the  bottom  of  the  charge. 
In  firing  small  charges,  however,  the  hitter  position  is  tho  best,  so 
thai  every  portion  of  tlio  cartridge-hag  may  be  expelled.  Should 
tho  vent  enter  too  far  from  the  bottom  of  the  bore,  tho  priming- 
win;  and  fire  might  misa  the  cartridge  by  passing  to  the  front 
of  it 

Trtssiosa. — Piocea  are  nionntod  on  their  cnrringes  by  means 
of  Irvnnhns.  TliCM}  ore  oylindcre  cast  on  t)ic  gun,  having  their 
mmmim  axis  pt-rpendieulEU-  to  tliat  of  tho  gun.  Their  size  should 
be  pru^rtinnnl  to  the  force  of  recoil,  and  their  position  is  determ- 
ia«d  in  »nch  a  way  an  to  weaken  or  favor  the  recoil  according  to 
flocd.  In  long  piece*  they  are  placed  sliglitly  in  front  of  the  cen- 
tCT  of  gravity  uf  the  piece,  in  cird«r  that  the  breech  may  always 
rrniaiii  ruling  uiKin  the  elevating  apparatus,  for  convenience  in 
»i^'liiing.  ic.  In  mortara,  they  are  now  placed  entirely  behind 
liii  ;<ii-i'i*,  «o  tliat  iho  chase  of  these  rests  upon  their  elevating 
ijii-riii*,  which  are  placed  in  front. 

It  i>  on  tlto  pcifiitioD  of  their  asia  in  reference  to  that  of  the 
gvD   that    tho   recoil  dci>euds  to  a  certain  extent     If  this  is 

6^_^  Q      be/iw^  that  of  the  piece,  A,  Fig.  IS,  the 

\Lr    ^    fiS  ^    recoil  will  be  diminished ;  for,  being 
T  ^^  transmitted  along  the  axis  of  the  piece, 

.  lib,  and  the  carriage  resisting,  by  vir- 

n^B.  tue  of  it«  inertia,  the  tendency  woold 

bo  to  torn  the  piece  arcfimd  tlie  axis  of  tho  trunnions,  with  a  force 
pn^tortional  In  tho  arm  of  tlie  lever,  a  h,  and  this,  pressing  down 
ih«  hrvechf  forces  the  trail  to  thu  ground,  and  diniiniehet  tlic 
rwot). 

If  ttw  axis  i«  above  that  of  tlie  piece,  B,  tlic  tendency  to  tarn 
arounil  (hv  Intnniuns  is  in  tlic  op]K>»ite  direction.  Tliis  relieves 
tltfl  tnul  uhI  fsTora  thu  recoil,  but  the  carriage,  and  especially  tho 
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axle-tree,  experience  less  shock.  These  two  positions  are  nsed  by 
some  nations,  according  to  circumstances. 

In  all  our  pieces,  the  axis  of  the  trunnions  is  in  the  same  plane 
with  the  axis  of  the  piece,  C,  which  transmits  the  recoil  directly 
to  the  trunnions. 

RniBASKS. — ^The  trunnions  are  joined  to  the  piece  by  larger 
cylinders  called  rimhases  which  serve  to  consolidate  them  and 
keep  the  piece  in  the  same  position  on  its  carriage. 

KxoB. — Guns  and  howitzers  are  terminated  at  the  breech  by 
a  knob  or  ball,  called  the  knob  of  the  cascahU^  which,  placed  at 
the  end  of  a  contraction  called  the  n€ck^  gives  a  point  of  attach- 
ment or  support  in  manoeuvering  the  piece.  Without  this  arrange- 
ment the  piece  would  offer  but  little  hold  for  the  action  of  forces. 

Handles. — Some  pieces,  as  our  12-pd.  field-gun,  and  24-pd. 
and  32-pd.  field-howitzers,  have  handler  placed  over  tlie  center  of 
gravity,  to  assist  in  manoeuvering  them.  The  pieces  mentioned 
have  iwo^  which  are  cast  with  them,  and  are  rounded  oflf  on  the 
inside  so  as  not  to  cut  a  rope,  when  used  as  a  means  of  suspend- 
ing them.  Mortars,  when  any  are  placed  on  them,  have  but  one. 
They  are  not  usually  placed  on  iron  pieces,  as,  unless  they  are 
very  large  and  clumsy,  the  metal  is  too  fragile  to  support  the 
weight  of  the  gun.  Small  bronze  pieces,  as  the  6-pd.  field-gun, 
12-pd.  field-howitzer,  and  12-pd.  mountain-howitzer,  have  none. 

Formerly  guns  were  covered  witli  all  sorts  of  ornaments,  coats 
of  arms,  devices  in  relief,  &c.,  which,  besides  increasing  the  cost 
of  them,  were  the  cause  of  weakening  the  pieces.  They  are  now 
very  plain,  and  marked  after  their  reception  into  the  service. 
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Ordnance  for  the  land  serv'ice  is  divided  into  tliree  classes, 
according  to  form  and  the  kind  of  projectile  used  with  each,  viz. : 
Ouns^  Howitzers  (including  Colu7nbia(h\  and  Mortars, 

I.  Guns  are  the  largest  and  heaviest  pieces  in  regard  to  their 
projectiles,  which,  acting  simply  by  their  force  of  percussion,  are 
always  fired  with  large  charges,  J  and  sometimes  J  the  weight 
of  the  ball.  Tliey  are  used  for  striking  objects  direct  and  at  a 
distance;  or,  by  their  ricochet  fire,  for  attaining    objects  not 
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acccMiliIe  bj  direct  fire,  and  overthrowing  or  breaking  them 
down  l»y  the  force  of  percuBsion.  Tliey  are  al^  ii6e«l  in  battering 
down  the  walld  of  fortifications.  Tliey  are  always  designated  by 
tlie  weight  of  the  wdid  shot  wliich  they  rarr}-. 

Divii>Kn. — We  have  seven  different  calibers,  wliieh  are  divi- 
ded into  three  classes,  according  to  the  positions  in  which  they 
are  used. 

1.  5r<i  /'i-Hl 82  ani!  4S  p«lrt.  )  r-    ,  u  ..  1  r,      , 

«  *.  MM,  lo  lo  I  ..■  I  f  ^**^  »"'"•  r  For  «umcn*i«ni(i,  lu-o  Ap|M!n- 
X.  KuU «  »nd  12iHlni...lJruuM,     )      *"^' P-  *• 

TIic  Mf'/i-OMut.  Fig.  19,  being  the  heaviost,  are  uwhI  principally 
in  [KrnnantMit  fortifications  on  the  sea-bonnl.  Tlu'y  are  neither  as 
long  n«»r  as  lieavy,  in  jfrf>j>ortion  to  the  she  anrl  tceiglU  ff  their 
projectihs^  ai*  the  2d  Class. 

T!»e  lin^  of  meUtl^  or  natural  line  of  sights  is  the  line  joining 
the  highest  jMiints  of  the  breech  and  muzzle,  but  in  thosi'  two 
pi«M-»  the  inten'cning  metal  j»revcnts  the  highest  jniint  <»f  the 
muzzle  from  )>i'ing  i^een  when  the  eye  is  at  the  highest  ]>oint  of 
X\\\*  bn,*ech.  In  firing,  therefore,  at  what  would  be  jHtiut-Uank 
di*tanrf%  or  within  that,  a  muszU'9uj?d  has  to  l>e  need,  the  to]>  of 
which  is  at  atlistance  alK)ve  the  highest  ]x»int  of  the  muzzle  e<iual 
to  the  diflference  between  the  semi-diameter  of  the  muzzle  and  the 
K^nii-diametcr  i»f  the  largest  circle  of  thi»  breeeh.  Tliis  difference 
L»  ralle<l  the  dispart.  Tlie  above  remark  applies  als4»  to  the  sea- 
o^apt  howitzers. 

Tin*  natural  angle  if  sight  is  the  angle  which  the  natural  line 
«*f  ^igiit  makes  with  the  axis  of  the  pii^-e. 

T\ii'  iiisjhtrt  is  then'fiire  the  tangent  of  the  natural  angle  of 
►igbt  t»»  a  radius  eijuul  t<»  the  di^tanee  fpim  the  rear  «»f  the  A/M'c- 
riftg  til  the  iiighet^t  point  i>f  tht>  muzzle,  mea*iured  on  a  line  par- 
allel ti»  the  axis  tif  the  gun. 

Tin*  l»*i4(-rtttg  is  a  j»r«ije<*ting  bainl  of  metal  «-nein'lii:g  the  gun 
r.t  \X  ti»  t!i«*  boM.*  of  the  bretH'h,  and  is  joiiu-d  to  tlie  binly  ot'  the 
piei-«-  by  a  eiiueuve  moulding. 

Tlie  Intsf  of  thr  hrtet^h  iii  the  part  immediately  in  rear  of  the 
bree«'h,  and  in  the-**  gutii*  is  a  tiph*ri*'*tl  >egment. 

Tlie  '/iJKviW*-  Xfi  all  that  part  of  tlir  gun  in  rear  of  the  Im-e  ring, 
d  ij  coiu|KiM.*d  of  the  knJ}^  neck\nll»tj  and  base  of  the  broch. 
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The  hreech  is  tliat  part  of  the  solid  metal  between  the  bottom 
of  the  bore  and  the  rear  of  the  base-ring. 

The  neck  is  the  smallest  part  of  the  chase  of  the  piece. 
Around  it  is  placed  the  chase-Ting. 

The  6vyell  of  the  muzzle  is  the  largest  part  of  the  piece  in  front 
of  the  neck.  It  is  terminated  by  the  muzzle  mouldings,  which  in 
these  guns  consist  simply  of  a  Ivp. 

The  face  of  the  piece  is  the  terminating  plane  perpendicular 
to  the  axis. 

The  hore  of  the  piece  includes  all  the  part  bored  out;  It  is 
terminated,  in  aU  guns,  at  the  bottom,  by  a  plane  perpendicular 
to  the  axis,  joined  to  the  bore  by  an  annular  surface,  as  before 
described. 

A  lock-piece  is  usually  cast  on  Iron  guns  near  the  vent  for  the 
purpose  of  attaching  a  lock,  but  is  now  never  used  since  the  intro- 
duction of  friction  tubes. 

1!)dl%  preponderaTice  erf  the  hreech  is  the  excess  of  weight  in  rear 
of  the  trunnions  over  that  in  front,  and  is  measured  by  the  weight 
which  must  be  applied  in  the  plane  of  the  face  to  balance  the  gun 
when  suspended  freely  on  its  trunnions.* 

The  siege  <md  garrison  guns.  Fig.  20,  are  used  in  permanent 
fortifications,  as  well  as  in  field  works,  and  in  sieges  to  batter  down 
the  walls  of  the  besieged,  forming  breaches,  to  dismount  their 
guns,  &c.  As  when  used  in  a  siege  they  have  to  be  fired  through 
earthen  embrasures,  they  are  made  long  enough  to  project  into 
the  mouth,  so  that  the  blast  from  the  gun  will  not  destroy  the 
cheeks. 

The  natural  angle  of  sight  in  these  guns  is  1^°.  The  muzzle 
mouldings  consist  of  a  lip  and  fiUet,  The  base  of  the  breech  is 
of  a  conical  shape. 

The  feld-gunB,  B,  Fig.  21,  are  used  in  the  field  as  light  artil- 
lery. They  are  made  of  hronzey  and  are  our  lightest  pieces. 
Tlie  natural  angle  of  sight  is  1°.  Tlie  12-pdr.  has  over  its  center 
of  gravity  two  handles.  Tlie  base  of  tlie  breech  is  a  part  of  a 
cone,  like  the  preceding  guns. 

Fig.  21,  A  represents  the  new  12-pdr.  gun  recently  adopted 

*  A  more  accurate  method  is  to  dotormino  the  ii/linff  force  in  pounds  necessary 
to  be  oppUed  at  the  base-ring  to  balance  the  piece  in  its  trunnion-beds ;  and  this  is 
the  plan  now  pursued. 


Cii%i 


(or  field  service.  Aa  it  is  designed  to  Tiae  with  this  piece  Loth 
kiDov  and  solid  shot,  it  will  probably  replace  in  our  field  artil- 
"  r  both  the  gnns  and  howitzers  now  in  use,  except  where  verj' 
^t  pi<.>ces  arc  refjiiirt-d.  For  dimensions,  &c.,  see  Appendix,  p.  1. 
In  all  "ur  gnne  the  ilinmcter  <if  the  trunnions  is  the  same  as 
it  uf  llio  boro  of  the  ]tiece.  Their  axis  is  in  the  eamc  plane  as 
c  axiii  of  tlie  j'iece,  Kn<I  perpendicular  to  it.  In  iho  French  giins 
kit  below  tho  axis  of  the  piece. 

A  Tery  good  way  to  remember  the  diameter  of  the  bore  of 
•ay  pgutjcolar  piece  is  by  means  of  the  following  table,  showing 
tcwnmoQ  diffcrenco  with  all  the  pieces  but  one.* 


By  an  examination  of  the  table  at  page  1  of  the  Appendix,  it 
~1  be  seen  that  the  windage  also  in  these  gnns  detrrcases  very 

A  Aotcitier  u  ft  ffun  with  a  cAamh^  in  it.     It  is  used  princi- 

ptHy  fur  firing  hollow  projectiles  or  shells;  and  as  these  require 

,  iff  ^cicoey  ft  certain  vclucity,  and  are  liable  to  break  if  too  much 

^vder  ift  finxi  behind  them,  it  becomes  ^  important  object  to 

e  ft  ■mall  eharge,  and  give  it  all  the  power  of  which  it  is  sue- 

tible.     These  points  are  gaine<l  by  the  nso  of  the  chamber, 

li  in  all  our  howitxers  in  cyliudrical  in  shape. 
Tho  bowifacerE  are  divided  into  four  classes,  viz  ; — 

....8-»pa  10.1(1.  I  ^     .       ~1 

....S-Eii.BnilS4-i>iInk.  1  '-■•'■''"''•   [For  dime  nidniir,  tee  Ap- 

The  calibre  of  the  howitzer  is  designated  either  by  tlic  weight 
'  ■{  the  tolid  shot  it  wonld  carry,  or  the  diameter  of  tlie  bore  in 
iscLcft. 

Tho  ta-eotut  hamiser*.  Fig.  22,  are  need  in  pemiaiicnt  fortifi- 
■  priocipallj  oo  tho  era-coast.     Tliey  arc  similar  in  nppear- 
!  to  tlic  Wft-oowt  gniw,  except  being  shorter  and  thicker, 
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though  with  a  less  thickness  of  metal,  as  the  charges  are  so  much 
less.  The  parts  are  designated  in  the  same  way,  and  in  addition 
we  have  the  chamber.  It  is  sometimes  stated  as  a  reason  for  not 
making  these  chambers  conical  in  form,  that  the  cartridge  is  apt 
to  slide  forward,  instead  of  lying  against  the  bottom  of  the  bore 
as  it  ought;  but  many  of  the  naval  howitzers  are  made  with 
conical  chambers  and  found  to  work  well. 

Howitzers  are  used  generally  to  throw  shells  and  other  hollow 
projectiles,  which  act  by  their  explosion  as  well  as  by  their  force 
of  percussion,  and  set  fire  to  towns  and  other  shelters  of  an  enemy. 
The  piece  being  shorter  and  lighter  in  proportion  to  its  projectile 
than  the  gun,  and  the  charges  used  being  smaller,  the  accuracy 
of  fire  is  much  less.  This  is  compensated  for,  however,  in  the 
greater  execution  of  the  shell  when  it  bursts. 

The  system  of  shell-guns  first  practically  brought  into  use  in 
1822  by  the  French  general  Paixhans,  was  adopted  soon  after- 
wards by  us,  and  the  number  of  pieces  has  been  steadily  increa- 
sing ever  since ;  a  special  piece  called  the  Columbiad^  differing 
slightly  from  the  ordinary  howitzers,  having  within  late  years 
been  added  to  our  armament.  The  propriety  of  this  addition  is 
questionable.  The  columbiad  requires  a  special  carriage,  drill, 
and  method  of  management,  thus  increasing  the  number  of  these 
in  the  service,  which  is  objectionable.  As  the  columbiads  carry 
the  same-sized  projectiles  as  the  sea-coast  howitzers,  these  last 
should  be  discarded  from  our  armament  at  once,  if  the  superiority 
of  the  columbiad  is  demonstrated.  Tlie  form  of  this  last  is  ob- 
jectionable in  several  particulars,  which  will  be  noted  under 
another  head. 

The  siege  and  garrison  howitzers.  Fig.  23,  are  used  in  the 
trenches  at  sieges,  and  in  the  defenses  of  permanent  fortifications. 
The  8-in.  usually  in  sieges,  the  24:-pdr.  generally  in  garrison,  more 
especially  in  fiank  casemate  defense,  in  which  position  a  special 
carriage  is  appropriated  to  its  use. 

The  8-in.  is  a  very  short  piece,  and  is  loaded  by  hand.  The 
chamber,  instead  of  being  joined  to  the  bore  by  a  conical  surface, 
has  a  spherical  one,  thus  allowing  the  shell  to  fit  down  close  over 
the  mouth  of  the  chamber,  without  using  a  sabot  or  block  of  wood, 
as  with  other  howitzers.    This  is  a  matter  of  considerable  import- 
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1,  If  the  piece  being  used  in  siege  batteries,  is  frequently  com- 

i  to  fire  over  tlie  Iteaila  of  the  men  iu  the  advanced  trcnelica, 

0  fired,  and  flying  to  piecee,  would  lie  dangerous  to  uuo's 

1  pBrty.     The  lireccli  nf  tliia  howitzer  is  made  as  heavy  as 

0  as  to  throw  tiie  centre  of  gravity  to  the  rear  and  make 

I  muzzle  pri.iject  as  far  as  jxtssiblc  to  the  front,  to  aave  the 

-oibraetirut. 

Tbo  24-pdr.  having  but  one  reinforce,  shows  no  band  similar 
Ittie  oiic  im  sea-eoftst  howitzers  at  tlio  junclion  of  tlic  lat  and  2d 
The  swell  of  the  muzzle  is  replaced  by  a  mvssle  band, 
I  tbo  C04O  alfiu  with  the  8-in.  and  the  tidd  and  mountain  how- 
He  base  of  the  breech  is  conical,  as  in  all  guna  and 
nritzcra,  vxct[>l  the  sea-coast. 

I  Hie  jCr^  howitzers,  fig.  24,  are  used  in  the  field  in  light  bat- 
I,  the  12-pd.  with  the  6-pd.  gun,  and  the  other  two  with  the 
1.  |fun,  which  fit«  on  the  same  carriage  as  the  S2-pd. 

I  $hanibcr   increasing  tlie   thickness  of  metal   near   the 
isbles  tiB,  where  greater  lightness  is  necessary,  to  reduce 

thy  taking  off  a  portion  of  the  metal  on  the  uut&ide 
B  vhambcr.  Tliis  is  done  in  the  24  and  32  jxlrs.,  and  ta 
■S-fn.  aege  howitzer,  as  also  in  the  mountain  howitzer ;  fonn- 
gwliAt  IB  vailed  the  recess. 
I  Tlie  H  and  32  pdra.  have  each  two  handles. 
I  He  movntain  kfnotsrr^  fig.  24,  is  tt  very  light  ]2-pdr.  a  trifle 
r  a  yard  long,  without  any  reinforce,  and  used  for  service  in 
ntriM  so  rough  as  not  to  admit  the  jiassagc  of  whci'led  vehi- 

II  and  itf>  carriage,  taken  to  pieces,  arc  carried  on  tlie  backa 
■  nttlesi,  which,  with  more  favorable  roads,  may  be  used  to  draw 

»  oimgi-a  (two  wheeled)  with  the  piece  monnled  ready  for 

A  special  carriage  with  four  wheels  has  been  invented  for 

•  with  tliis  piece  on  the  ]>rairie*,  where  the  two-wheeled  car- 

9  la  iiicoDveuicut  on  account  of  its  liability  to  upset. 

Oettimhiaiii,  *,  fig.  S-l.— These  ai-o  of  two  sizes,  the  8  and  10 

Tlioy  are  longer,  thicker,  and  much  heavier  tliim  the  sea- 

[  horitzern,  and  are  nscd  in  similar  position!^.     Tliey  have 

I  at  the  junction  of  the  1st  and  2d  reinforces,  like  tlio 

»,  and  the  breech  ia  not  so  full  ami  ruuudiug.     Tlic  first, 

t  vfl]  ahtfw  hereafter,  strengthens  the  gun ;  and  tlic  last  feature 
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weakens  it.    Tlie  bottom  of  the  chamber  is  heinisphejucal.    Ha 
knob  of  the  casable  is  also  different  from  other  pieces,  and  is  cnt 
through  for  the  purpose  of  forming  on  the  base  of  the  breech  a 
System  of  steps  or  notches,  which  are  of  very  great  assistance  in. 
elevating  the  piece,  the  mass  of  metal  being  so  great. 

New  Colunibiads.    b,  fig.  25,  represents  the  new  columbiad% 
or  128  and  64  pdrs. 

MORTARS. 

A  mortar  is  a  short-chambered  piece  used  for  tlirowing  at  a  ; 
great  elevation,  sliells,  wliich,  acting  by  their  velocity  acquired  i 
in  falling,  serve  to  crush  the  vaults  and  shelters  of  the  enemy,  and 
set  fire  to  them.  Tlie  chamber  is  particularly  necessarj',  as  the 
piece,  being  very  short,  small  charges  have  to  be  used.  The 
chamber  usually  employed  in  our  service,  is  the  conical  of 
Gomer. 

Mortars  are  designated  usually  by  tlie  diameter  of  the  bore  in  i 
inches.  They  are  cylindrical  in  shape,  terminated  in  the  reer  i 
spherically,  and  have,  of  course,  no  angh  of  night. 

In  our  service  there  are  seven,  divided  into  the  following 
classes,  vi2. :  . 

Htapy,  Sea-Coant. 10  aii*1  13  in.  ) 

Lights  Siege  and  OarrUtm.  S  aud  10  in.  ( 

Stone 16  in.  ) 

Coehom 6.S2  in.  (24  pdr.)  J  ^^^'o""- 

Eprcuvttte 5 . 6i5  in.         '*  Iron. 


For  (limenAionf,  i 
Appendix,  p.  S. 


Tlie  last  is  the  only  one  with  a  cylindrical  chamber. 

Tlie  heavy  sea-coast  mortars^  fig.  20,  are  used  i>rincipally  for 
sea-coast  defense.  Tlieir  chamber  is  terniinate<l  at  the  bottom  by 
a  hemisphere,  and  joined  on  to  the  bore  by  a  portion  of  another  in 
which  the  shell  fits.  Tliis  connecting  surface  in  the  siege  and 
garrison  mortars,  is  so  small  a  portion  of  a  sphere  as  to  be  scarcely 
perceptible,  being,  in  fact,  simj^y  a  roundin*^  off  of  the  nict^ 
where  the  chamber  and  bore  meet.  All  sliarp  angles  at  thii 
junction,  as  well  as  at  the  mouth  of  the  chamber,  in  all  the  mor* 
tars  and  howitzers*,  are  rounded  off  to  i>revent  their  being  worn 
off  by  the  action  of  the  powder. 


I 
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In  place  of  liandles,  tbe  heavy  tnortare  hitve  an  ear  cast  over 
iVcmler  of  grarity,  hy  meane  of  which,  and  a  hcilt,  a  dnt't  is 
utuWd,  to  be  used  in  handling  tlie  piece.  Tlie  stone  mortar  is 
i^obIt  other  one  haTing  a  eiinilar  arrangement, 

Ike  fiyht  gie^e  anif  garrieon  moriara,  fig,  27,  are  for  use  in 
tbalRnchcs  «t  etcges,  and  in  the  dcfcaise  of  fortificatione  of  all 
bnd*.  Tliev  are  made  light  enough  to  he  easily  transporteid  with 
■  oiretiin^  nnnr.  The  itom  mortar,  fig.  28,  is  nsed  uiidcr  the 
woe cirvnmfctances  for  throwing  baskets  of  stone  or  small  shells 
'•TTfTj  short  dittonncs.  It  is  u.«ed  by  the  liesiegerB  to  clear  the 
Wfadi  jo*t  before  the  advance  of  the  storming  party,  or  by  the 
loic^ed  tu  repnlne  tliis  lost  as  it  advances  up  the  breach. 

Tif  divided  elate  of  the  projectiles  thrown  frt^m  if,  renders  it 
anensesT^'  to  liaTc  the  fidoe  rery  strong,  which  are  therefore 
'la ;  and  the  piece  is  made  of  bronze.  It  is  further  decreased  in 
*n^il  by  removing  a  large  portion  of  ututal  in  rear  of  the  piece, 
rtich  changes  it  from  the  spherical  form  of  the  other  mortars. 
I^ttfttum  of  ilx  chamber  is  hemispherical. 

Tic  Cofhom,  Fig.  28,  nnuicd  after  its  inventor,  is  used  like 

(^prKcding,  and  U  e«|M>cia1ly  adapted  for  sieges,  vhcre  on  ac- 

C'Hit  of  it»  liglitnccs,  it  can  be  carried  from  trench  to  trcQcb  by 

"^trrri.     If  is  Ffrong cnongh  for  the  use  of  large  charges,  and 

.  n,iige  of  1,200  yardfi. 

.  Fig.  38,  can  scarcely  be  considered  as  a  part 

ince  it  H  u»ed  simply  for  testing  powder;  and 

■i.i-,  ii  i*  now  almost  entirely  enperaoded  by  tbo  pendu- 

; :   i  r>  cost  with  a  sole,  the  plane  of  which  makes  nn  angle 

i  I  :^i'  axis  of  the  piece.     Tliia  sole  slides  into  a  recess  in 

'.ito,  which  lost  is  bolttnl  lo  the  platfomi. 

-  II  24-pdr.,  its  bore  is  lo*»  (5.655),  for  the  pnr- 

■■-'.■■  windage  as  much  as  potwible,  and  prevent- 

■>  ^«:  t»iupi;  lit  goa.    For  the  e«mo  reason  the  vent  is  only 

'•'"ti  inch  iu  diamctiT.    The  chamber  i»  cylindrical,  with  a 

■'"'iilihcricjil  btittum. 

^Drli  ore  tbo  plecn,  us  they  now  exii^t,  in  our  service ;  and 
t^hn«^i  it  [«  nol  llkdy  that  any  very  great  changes  will  be  made 
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in  the  calibres,  improvements  are  constantly  taking  place  as 
periment  and  use  show  them  to  be  necessary.  Tlie  10-in.  sea-c 
howitzer  has  fallen  into  disuse ;  and  experiments  arc  being  cai 
on  with  a  columbiad  of  12-in.  bore.  Tlie  form  of  the  columl 
too,  has  changed,  becoming  more  that  of  Dalilgren's  gun,  '' 
little  or  no  swell  of  the  muzzle,  and  no  chamber.  They  are 
designated  as  64-pdrs.  and  128-pdr8. 

Maxufacttee. — All  the  ordnance  for  the  United-States  f 
ice  is  made  at  private  foundries,  and  afterwards  insi>ected 
proved  by  officers  of  the  ordnance  detailed  for  the  purpose, 
foundries  where  the  most  of  our  pieces  are  made,  are  the  fol 
ing : — ^Tlie  West  Point  Foundrj',  near  Cold  Spring,  N.  Y. ; 
Fort  Pitt  Foundry,  near  Pittsburgh,  Pa. ;  The  Tredegar  Foun 
near  Richmond,  Va. ;  the  Algers  Foundry,  near  Boston,  Mi 
and  the  Ames  Foundry,  near  Chicopee,  ^Mass.  Tlie  last  two 
nish  the  bronze  ordnance,  and  the  others  the  iron. 


MANUFACTURE  OF  ORDNANCE. 

The  "mo^Z"  or  form  of  a  gun,  is  made  of 
hard  wood  or  iron  turne<l  to  a  size  a  little  larger 
than  the  gun  to  be  made,  in  order  to  allow  metal 
enough  to  turn  the  outside  smooth.  Tlie  model 
is  generally  of  wood,  and  composed  of  four  or 
five  pieces.  The  first.  Figure  29,  forming  the 
bo<ly  of  the  piece,  extends  from  the  chase  ring  to  the 
base  ring.  The  second.  Fig.  29,  forms  what  is 
termed  the  "  sprue  "  or  "  dead-head  "  and  extends 
from  the  top  of  the  first  piece  to  the  end  of  the 
model,  which  is  longer  than  is  actually  required  for 
the  gun,  in  order  to  funiish  metal  to  supj>ly  shrink- 
age, and  to  produce  greater  pressure  and  density  in 
the  lower  part  of  the  gun. 

For  reasons  which  will  be  explained  in  discuss- 
ing the  manner  in  which  the  gim  cools,  these  two 
pieces  are  now  made  in  one  at  some  foundries,  the 
upper  part  being  formed  of  one  unbroken  cone,  as 
represented  by  the  broken  line  in  figure  29.  "«  * 
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Tiic  lliinl  piece,  Fig.  30,  funns  the  breech  and        3?p:e::l 

aMc   of  the  pun,   having  a  B«|uarc  projection, 

r«  r  than  that  necessary  to  fonn  the  knob,  which 

^•«1  in  attaching  machinery  to  give  the  piece  a 

ry  motion  in  turning  and  boring.  rxg.w. 

Tlie  models  for  the  trunnions  and  rimbases  form 

the  4th  and  5th  piece.**,  as  represented  in  Fig.  31, 

and  are  conni»cteil  with  the  body  of  the  i>iecc  at 

the  pn  >per  place  by  means  of  bolts  passing  tlirougli 

re  M  their  axes. 

Tin-  **  mouhV  is  made  of  hanl,  angular,  and  refractory  sand, 

-itiiol  with  water  iu  which  elay  has  been  stirred,  to  make  it 

ji^i  adhere  an<l  retain   the  form  given    to  it.     Tliis 


r    mi>uld  is  formeil  in  a  jacket  or  case  made  of  sheet 

J:    in»n  in  four  or  five  <liflerent  parts,  each  [>art  being 

-L        1^   fi»nne<l  of  several  segments  fastene<l  together  by 

*        'I  bolts  and  nuts   i>assing  through  flanges  on   the 

r#  »  (nlge**,  and  thedilferent  parts  are  fastened  together 

J..-  -.im<-  way  before  pouring  in  the  metah     Fig.  32. 

T'»  f'TTM  the  m«»uld,  pii'<*e  No.  2,  or,  in  the  case  of  the  improved 

:i,  !;*••  Ii.nIv  t»f  the  m^del,  is  placed  on  a  ]»lain  surface,  **  sprue 

.'i**  *l>«wn,  in.-«i<ic  4»f  the  first  part  of  the  jacket,  and  adjusted  in 

a  vertical  popition,  the  axes  of  jaeket  and 
mmlel  coinciding.  Fig.  33..   Tlie  moulding- 
sand  i»  then  paeki**!  tiglitly  anamd  this 
until  thetopof  the  jaeket  is  reachetl,  when 
it  is  levele<i  otf,  made  iHTl'e<'tly  bUHNith  and 
even  with  the  top,  a  /'.,and  ^prinkle4I  with 
fine  dry  Hind,  to  prevent   the  sucr4^»<iing 
]Hirti>in  tVom  htieking  to  it.     Another  iNir- 
titiii  of  t!ie  jaeket  is  now  fitti**!  anuind  the 
m«Hlel  on  top  of  the  other  portion,  and  the 
nittuhl  C4»mplete«I  in  the^ame  way;  and  s<i 
^^      on  until  the  {N»Mtion  ft*r  the  trunnions  it 
reacheil.     llie  end-plateb  of  the  trunnion 
jarketn  n  are  then  taken  ofl*  a.**  reprerentcd 
Fig.  34 ;  the  trunni'»n  m(Hiel»  are  nin  in 
.^^i^— ^    ■    j^    and  bolTe<l  to  the  boily  i>f  the  nitHlel,  and 
tt^^  the  sand  is  ]iacked  in   around  them  until 


1 


h 

«• 


tlie    tniniiion  jacks! 
neftrly  full,  when  tbe  1 


witljdrawT),  thu 
in^  {Hirtioii  of  Uie  tmnnioQ 
jaokuta  filial  in  uvim  miA. 
tlie  fuc-L-B,  the  end  plates 
I'lwiid    ou    and    fairtciiad. 
Tliu  purtion  of  the  mould  U 
then  c-oni]>letod  hy  filling  is 
sand  {rum  above  a»  bofure; 
Miotlicr  portion  of  the  jack* 
ot  U  placvd  on  ;  tuid  su  on 
till  thti  luuuld  is  fiiii^ed ; 
tnking  e&ru  lu  fiprinUt!  tits 
toj)  of  each  )>orttoti  of  Ute 
'mould  and  the  nuidf]  irith 
dry  Band,  to  prereiit  itidc- 
ing  l>etweon  tbe  parla. 
Tho  top  portion,  centring  the  model  and  mould  for  tliol-ivxvTi, 
is  novr  taken  utf,  and  the  hreeoli  modul  removed ;  tin  ' 
model  16  ilravni  out,  the  truiiniun  liolt«  linving  aln  : 
moved ;  and  when  the  upper  ]inrtiuii6  of  the  Jucki-t  ;ir. 
the  trunnion  models  aro  removed  by  hand. 

Sach  portions  of  the  mould  ae  have  been  broken  arc  now  re- 
paired \>y  hand,  vritli  iastmmcnts  nscd  for  the  pur{Mi«c;  ami  dw 
whole  interior  covered  with  a  cokewash  made  of  water  and  jtow- 
dcred  eokc,  pat  on  with  a  line  brush,  in  order  In  make  a  Miuuth 
BUrfauo  and  prevent  Lite  stickinf;  of  the  metal  to  the  mould.  Alt  ths 
Y*ii*  are  tlicn  phu^wl  in  an  oveii.  and  baked  hard.  • 

In  most  of  the  casting*  made  in  this  countn'  the  metal  If 
introdaccd  at  the  bolUmi  of  Uie  iiK»uld,  throngii  a  channel  (£,  F%. 
34)  made  in  the  same  way  and  of  the  same  malcrial  ttt,  the  rooaU, 
in  order  to  prevent  the  falling  metal  trf)m  injuring  tbe  foraif  and 
aim  with  the  idea  tliat  by  giving  the  entrance  a  position  otilitins 
to  the  aicis  and  imparting  a  cireular  motion  to  the  fluid  in>n,  tfaa 
casting  in  more  homogeneous,  and  each  scoria  as  enters  tbe  monld 
is  kept  in  the  centre  and  rises  to  the  top.  In  some  countries,  huw> 
Bvar,  tho  metal  is  allowed  to  fall  in  at  the  top,  tho  advantage  being 
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cl^iiii*«l  f**r  this  motliixl  that  hy  the  ei»iK'U:?sion  of  the  fulling  metal 
thi;  f«>niiatli>n  <if  air-buhbles  is  |»revt'nte<|. 

Sand  is  umm]  in  iiiakiiit:  the  iiiiiiiM,  heean^e  it  is  ei»ii8i(iere(l 
that  in  ca>tiiiLr  in  an  in>ii  nii»uhi,  the  metal  vonU  tiMi  (|iiiekly,aii(l 
fiinn*  **u  tlie  stirfaee  hard  prnji^ctions  whieli  it  is  very  (iitfieiilt  to 
rvniMvr;  hut  it  i^^  eonteitiled  that  in  ea^ti^•;  l»ronze  ^iins,  the 
metal  iif  which  rmils  much  niiire  shiwiy  than  imn.  the  mi»re  raitid 
iiMilin;;  in  ir**u  niiiiihis  \a  advanta&^euus  to  the  stren^tli  of  the 
•^in?. 

TliC  rujieiilui»usmrtal  in  the  "dead  "  or  **iii»rue"  head  is  t\»r  the 
j.nrjHiM.*  of  niakiii;:  the  ea^tliiir  nmre  dense  ]»y  the  presMire,  and 
X**  f^-^^I  thr  castin;:.  re«juired  hy  ^hrinka^4^ 

Tlie  metal  n^tU  in  lavrr^,  romnirnrimr  <»n  tiie  iMitside  of  the 

ra^timr.  and  eontractin;;  as  it  ( 1^  ;  tht.*  tiniil  ma^>  in  the  eenter 

•U|»|'Iii*«  the  nu'tal.  eausin;;  a  current  down  fr<»m  the  dea>l  head  t<> 
lill  tiur  \aranry.  It  is  fiiUiiil  that  the  narrow  part  at  it,  Vi^.  )i\}, 
(•iiifU  !M»  fa?«t  :is  to  o]*.-tru4't  the  pnj»|ily  from  th<*  flead-heatl,  and 
t!i--  rniHltd  i?»  now  maile  of  an  unhroki-n  conc,  as  n'j»n>rntc«I  hy 
the  •l>ittud  line  in  tlu-  tiirnre,  the  auridus  nn^tal  hciiii;  turned  oti* 
attrrwarls. 

T!m.*  m*»uM.  havin::  hfcn  hakeil  hard,  is  put  tfiTthrr  a;>;ain. 
'•/■r*.  /i  </f>irif,  in  a  pit,  the  sprut'-hra<l  hrimr  a  little  hrh»w  the  level 
■  if  tlif  j-'iijt  iif  tin-  turnat-r  t*n»ni  which  the  metal  i.-  to  llnw  ;  the 
dilTi-n-nt  parts  i>f  the  jacket  heiiiir  iMilTed  lirndy  toir^.tju-r,  to  pre- 
'.•.■riT  their  M'paratiiin  when  the  meta!  i.-  p<»urc<l  in.  A  tp*ui;h  is 
Ti'iW  maile  fpiiii  the  turna«'c  ti»  th--  \**]*  «»f  tlie  m<»uM.  th**  xalvi*  nf 
:!.•-  fiimaci-  ii]H'*i«*d.  aii«l  tin*  nii-t:il  run  in.  in  a*>  ^h^rt  a  time  a-^ 
j.,..il.|«-;  htili-i  li«-in:j:  left  :it  ilitlVrctit  lit  ijht-.t«»  alhiw  the  met:il  to 
p.i-j-  ifitti  tht-  mnuM.  A-  it  ri-*-.-  i?  i^  ai:i?;itiil  with  a  jtine  ^tick. 
.iT.'l  tin-  -ci.ri;i  kept  ill  thi-  Miidt|!f  :•»  pn-vcut  it.-  ••iitcrinir  the 
Tnmr.ion  rii'iuhl?- ;  which  an*  c!»!;irji-i|  -li/!itly  #'/i  ^'y^  ►•»  th:it  any 

•  !tfr*  t  tliiTi*  mav  he  rtin-ix*'!    ^*\  t'l--  t  utTi  r  wheii  the  trunnion- 
JkT»-  turii«**l. 

Whtii  fill!,  :i  <ju.uitily  **i  i!j.tP-'i:il  i-  tlii-iwn  i-n  tin-  !'»p  i»f  the 

•  ]*':i'l  hettil  tti  ahvirh  :;asi--   ai.d    prexcti?   iixiilatioii   fp>iii    takin;; 
p'.ai  1' ;  an*i  the  castiii;;  i-  then  left  !".r  ^e^cr:ll  *\.i\'^  t.i  riMil. 

I*«i'KI.Nif    AM»  Tt'KMNif.-    It     i-    thi-U    tak<-n    I'Slt    I'f  tli«>    npiuld, 

the  nAwl  clean*-«i  oflf,  anii  wlien   p*'rt'ect!y  (•><>!ed.  i-  taken  !•>  tlie 
bonnif  p>oin  to  bo  bored  an<l  turneil.     TIkm*  *»perati"n!i  are  per- 


\  u  .n  » ti.ok.  ill  »  liori«oii'«l  I»i»i<>»^^^B 

.bo„t  it.  .xi..    Fig- 11' ^2X  L  tl..  .«cia„.r,  put  in  ""^^^H 
.  catle,  i.  Wiled  ».  tlic  F°I«'   °  ;'-°J,^„„  .„  „y„„,l  i.  i^H 

have  boon  UK'l '.  •>"'  ""'  ™°  •,„,:„„  from  tlio  b««e  ioSciold^H 
tnow  cylinder  ,^1.  ™j^- ;;X'  f  fC:  tUc  „ne  .o  wUich^H 
«  cut  ».i.  »  cyl»f '  '""Jif. '1  i„f  ,he  cntter  cylinder  to  ^H 
enters  .re  utt.cl,cd^  „?,  „  „ L,  .nd  tli.  ir,.n  cntting.  to  ^H 
(lo«.-n  inu.  tiic  ninnth  »t  '"« J'^^'  „,-  „,„  blinder.  A  l^H 
„„.  of  Uio  gun  «lo,*  *-;^  ',:t  'Jcyiiudc-r,  .hld,i.l«^« 
I       „«,  of  iron  1.  tlin*  loft  »  "  *■  d  .«.  »  f"  »  it  c»  «^H 

I        off  by  wedging,  .ft"  .li».tM-l.a.e'^^^^,     TbodW^H 

twocl.  two  -"  '  '-^"f.:.!,  ^S  the  boring  i-  «•"«*;■ 

';:«.i;urdrc«n,crofti;eyror«.-         .,^„„„^„  ^^ 
While  tlie  ,.i«c  >'1:'=°« ''°^^  ",,  J,  to  tU.  prop«.  *»     I 
I  plied  to  tho  e«erior,  winch  1.  f"  ^,  tmnnions  cnnot  b.    I 

V  portion  of  tlic  gnn  •itn.to    WW  c„  t  .^  ^^^  ^    ■ 

«r..liovc,l;.ndi..»konf  '-1^";™S^^^  S«iU  I«r 

£rrrjc-^cr«.ri.cd  l.y.B""----'- 

I  moLi.givcnW-n»f.-J)-"'^tTOlcinU'i.'"l-.*^^^ 

I  »dri.nbiu.«are>nrno.l.  H?-"'. '  _    •      ;  ^  ,hchori>!onnJ,.bo«'| 

I  oftbc.,/.«eiapl««d.tM.roperjhwUh^^^^^^^_^    ^^  , 

I  applied  at  the  1-P"  I"™;'',  ."itrol^  po.ition,  .nd  •  W«  b«4j 

f  picc»,  the  pin  1.  pte«l  '"  *  f  "S,  Uio  thraui  of  .  «"» i«H 

[  through  for  the  >"".'-r'°"  ■.'^t ".U  h^„.r«i  .-Pl-^'  'i-^  "H 

^^  init,»ndtlicvontpioco,miaeofweiin  ^m 


re^poDiiin^  thrt-ad  on  it,  m.Ti.'we<l  into  its  ]M)sitioii,  tlu*  vent  IhifimI 
fiin»Uf;h  tlii»  as  before,  and  the  part  of  tli«»  vent-jtieee  projeetiu^ 
iiito  the  liore,  eut  utf  l»v  a  eutter  inserted  in  the  hore. 

Tliu  6<{uare  projeetion  at  the  end  of  tlie  knoh  in:  nut  removed 
until  after  the]>ieee  is  ins]>e4.*te<l,  in  onler  to  enahU*  the  founder  to 
n-plaro  the  jiicee  in  the  inaehinery  to  eorreel  any  irre^uKirities  in 
\\iK-  furxu.  It  is  then  reniove<I  1»y  horin^  i^nnill  hole;!'  in  it,  ninl 
-•{•littin^  off  the  metal  with  wed^^'s.  Tlie  ]iieee  is  then  ready  fur 
in«{*ectitin  and  ]  tin  it*. 

Ki»K  I.Vri'EiTio.s,  the  picc'e  is  phiecnl  on  skitU,  for  the  purpose  of 
'fin^  earily  nioveil.  It  is  examined  earefully  mii  the  exterior  to 
Kv  there  are  no  era<'k»  or  Ihiws  in  the  metal,  whether  it  is 
:;ni*heii  a.-i  pres^'rihed,  and  tn  jud^c,  as  far  as  ]ira(;tiea1>]e,  of  the 
|Ua!ity  of  the  metal.  The  ;run  must  not  he  envi-reil  with  paint. 
Ineker.  or  any  oth«-r  eom|Ml^itioI],  hefnre  it  is  inspeete<l.  Any 
attt-mpt  ili.-H:overed  to  till  up  llaws  or  eavities  with  plug's  t*v  <■<*- 
:iient,  <'au?«t-s  the  rejeetit^n  of  tin-  pi«*ee  without  furtiu'r  examina- 
tion. Tlir  extent ir  diameters  n\  tiie  pie«»*»  are  now  mt■a^urf■d  l»y 
:iii*ans  of  c^illijHrM^  Y\)z.  .'i7,  I'l.  •!,  eonstnictfil  f»r  the  jnirpojie. 
The  len^hs  of  the  ilitferent  |">rti<»ns  are  a !.-*•»  niracured  with  a 
I««n;j  rult  of  hard  wihmI. 

A  r.ininion  l'»«»ktn»/-fjtti^M  i-.  nuw  liehl  st»  n>  U*  rfth-ct  the  ^un\ 
r:iv*  iiit<*  thr  1m. rr,  whii-h  ean    he  ^«•^n  with  ^n-at  di>tinrt]it-.'<  !•• 

'].r  lM»ttom.     In  rase  •  if  the  ah-enn,-  **{  the  t>\uu  a  hhort  j-ii' f 

-  ai;dl*',  liiriite*!  an«l  pla«'e<l  <*n  thf  t-iid  **\  n  \»*\*\  is  insrrteii  ti>  t' «' 
r  .-ttiiin  ««f  the  h^rr*. 

Till.  Skakiiikk,  Fi;;.  .'t'^,  VI.  •!.  i-  iImh  u.*t  i|.  Thi*  i-  an  iii-tru- 
:i.»M  f«tr  «i«  ttrminin;r  the  pn?i-in't'  nf  .-niu!!  iT.i'*ks  **t  llaws  in  tlir 
*"Tc-  iiot  \ifiMf  t«»  t!i«'  lye.  It  riin-ii-t.-  .if  t-i^r  llat  rprin^'a  tiinicil 
■(  at  t!.i-  irid**  aiiil  ^!i:lr|M';l<>•K  tin-  ^thi-r  i  iii!-  In-iiiL'  fa«ti  ni  d  in  a 
"••■kft  i!it'»  wlijili  a  i»a!idh*  i-*  ^■•^•Wl•li.  'llii-  ii:in'!h-  u.-«'il  \iitli 
•ill-  and  S'Vrr.iI  ••tin  r  f\  th«-  in-^iirtiriL'  iii.'«tru:M«iit-  i.-   - 

Tli^'  rii.!M.n:  -lAiK  Fi-'.  ^It*.  ri.  •:.  :i  r^^uri'l  -trilf  "f  ma!.'»:/iinv 

r  "tJif-r  hani  w I,  in  tw.i  part-,  i-iiriid  t^L'' th<r  l-y  l-nL*!-  ^•'^•k»•ts 

4i.d  imtvw-.     Tin-  i»t:»iT  in-truniL-nt-*  ii-rd  wit!»  thin  ^Taf^  art*  t !if 

v' I '«•/«'■  '/•'«!'/'.  Fiu'.  ■*•'.  1*1. »!. '/''"/«  ;•A/^»  Fi^'.  •'■•.  I*'-  *■.  ant  I  ;/,»./* 

w  ififj  /"n'nf,  Vi'j:.  .M*,  ri.  •!.  ail  "f  wl.jili  r;in  he  r-rn-wt  •!  on  th#^  irnl. 

T:.<  -tutf  1-  ^^ra<!uat«-<i  in  incin-^  an«l  t«-iit!.s.  "n  a  ►trip  of  brass  h-! 

.r.t.f  th«'  hi'lo.    Tin;  irraduati^'U  i?«  arranp  d  to  nad  l!.e  liibtAXii-i-  fpni 
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^^Bie  ihjrd  piece,  Fig.  30,  fonns  the  breech  and 

Hbble  of  tLo  gan,   having  a  square  projection,  \ 

lokgcT  thmn  Out  neceesarr  to  funn  the  Icnob,  which 

h  ncd  in  attaching  machtnenp-  to  give  the  piece  s 

Mtrr  motJoD  in  taroing  and  horin^. 

p7  The  modclB  for  tlic  tninnioiiG  and  rimbascs  form 

1  f     ^      the  -tth  and  flth  pieces,  as  represented  in  Fig.  31, 

'  I         '  and  are  connected  with  the  body  of  the  piece  at 

Li  the  proper  place  by  ineanfiof  bolts  passing  through 

1%  It.  their  axeft. 

mJii»'*motdd"  is  made  of  hard,  angular,  and  refractory  sand, 

1  wltli  water  iu  which  clay  lias  been  stirred,  to  make  it 

ulbcre  and   retain   the  form  given   to  it.    Tliie 

ntonld  is  foniied  in  a  jacket  urease  made  of  ehcct 

iron  ill  four  or  five  different  parts,  each  part  being 

formed  of  several  segiiients  fasteui;d  together  by 

■  boIt«  and  nuts  passing  through  fiangi.'B  on   the 

edge*,  and  the  different  parts  are  faiitened  together 

e  way  before  pouring  in  the  uetal.     Fig,  33. 

nthc  mould,  piece  No.  2,  or,  in  thecaseof  tiie  improved 

t*ni,  tlie  body  of  the  model,  is  placed  on  a  plain  Giirface,  "  sprue 

I'"  down,  imide  of  the  first  part  of  the  jacket,  and  adjusted  in 
1  a  \-crtical  position,  the  axes  of  Jacket  and 
model  coinciding,  Fig.  33..   The  moulding- 
sand  is  then  packed  tightly  around   this 
until  the  fop  of  the  jacket  is  reached,  when 
it  is  leveled  off,  ma<lo  perfectly  eniooth  and 
even  with  the  top,  a  i.,and  sprinkled  with 
fine  dry  sand,  to  prevent  the  succeeding 
porticin  from  sticking  to  it,     Another  por- 
tion of  the  jacket  is  now  fitted  around  tlie 
model  on  to]i  of  tlic  otiicr  porti[>n,  and  the 
I  monl<l  comi)leted  in  the  «ame  way  ;  and  so 
.1    .     t    fc    ' '      on  until  tlie  position  for  the  trunnions  is 
■        sa     I  fc  reached,    Tlie  end-plates  of  tlie  trunnion 
jackets  a  are  then  taken  off  as  represented 
Fig.  34;  the  trnnniou  models  arc  mn  in 
,    and  bolted  to  the  body  of  the  model,  and 
the  aand  ia  packed  In   around  them  until 


I  V 

1  1 


the  truDiiion  jackets  are 
nearly  full,  wLen  the  bolts 
are  withdrawu,  the  remain- 
ing portion  of  the  trunnion 
jackets  filled  in  even  with 
the  facQB,  the  end  plates 
placed  on  and  fastened. 
This  portion  of  the  mould  is 
then  completed  bj  filling  in 
sand  from  above  as  before ; 
anotlier  portion  of  the  jact< 
et  is  placed  on ;  and  so  on 
till  the  mould  is  finished ; 
taking  care  to  sprinkle  the 
top  of  each  portion  of  the 
mould  and  the  model  with 
dry  sand,  to  prevent  stick- 
ing  between  the  parts. 
Tlic  top  portion,  containing  the  model  and  mould  for  the  breoch, 
is  now  taken  ofl",  and  the  breech  model  removed  ;  the  body  of  the 
model  is  drawn  out,  the  tmnnion  bolts  having  already  been  re- 
moved ;  and  when  the  upper  portions  of  the  jacket  are  taken  off, 
the  trunnion  models  are  removed  by  hand. 

Such  portions  of  the  mould  as  have  been  broken  are  now  re- 
paired by  hand,  witli  instruments  used  for  the  purjwse ;  and  the 
whole  interior  covered  with  a  cokewash  made  of  water  and  jjow- 
dered  coke,  put  on  with  a  fine  brush,  in  order  to  make  a  smooth 
surface  and  prevent  tlie  sticking  of  the  metal  to  the  mould.  All  the 
parts  are  then  placed  in  au  oven,  and  baked  hard.  ' 

In  most  of  the  castings  made  in  tliis  country  the  metal  is 
introduce<l  at  the  hoHom  of  tlic  mould,  tlirongh  a  channel  (J,  Fig. 
34)  made  in  the  same  way  and  of  tlic  same  material  as  the  mould, 
in  order  to  prevent  tlie  falling  metal  from  injuring  the  form,  and 
also  with  the  idea  that  by  giving  the  entrance  a  position  oblique 
to  the  axis  and  imparting  a  circular  motion  to  the  fluid  iron,  the 
casting  is  more  honu^geneone,  and  such  scoria  as  enters  the  mould 
is  kept  in  the  centre  and  rises  to  the  top.  In  some  countries,  how- 
ever, the  metal  is  allowed  to  fall  in  at  the  top,  the  advantage  being 
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A  for  this  method  tJjat  by  the  cuncussion  of  the  falling  metal 
■  formation  of  air-bublilcs  is  prevented. 

I  Siuid  U  nscd  in  making  tho  mould,  beeaiige  it  is  conBidcred 

it  io  casting  in  an  iron  monld,  the  metal  cools  too  quickly,  and  ■ 

a  on  the  Bnrface  bard  projections  which  it  is  very  diSScult  to 

Ktve;  but  it  is  contendod  that  in  casting  bronse  gune,  the 

J  of  which  cools  much  more  eiowly  than  Iron,  the  more  rapid 

1  moulds  ia  advaatagcoue  to  the  etrength  of  tlie 

The  wperfluons metal  in  the  "  dead  "  or  " spnie  "  head  is  for  the 
e  of  waking  die  casting  more  denae  hy  tlie  prcsBure,  and 
Ifrllw)  the  casting,  rcr|iiired  by  shnnkage. 

Ute  metal  cools  in  layers,  commencing  on  the  outside  of  the 
ig,  and  contracting  aa  it  cooU ;  the  iluid  mass  in  the  center 
fjAiei  the  meta],  caaeing  a  current  do^f n  from  the  dead-head  to 
D  die  vacancy.  It  ia  fonnd  that  the  narrow  part  at  a,  Fig.  29, 
1b  m>  last  OB  to  obetmet  the  supply  from  tlie  dead-head,  and 
e  model  is  now  made  of  an  unbroken  cone,  as  represented  by 
I  dotted  line  in  the  figure,  tlic  surplus  metal  being  turned  off 

The  mould,  having  been  baked  hard,  is  put  together  again, 

A  down,  in  u  pit,  the  spnie-head  being  a  little  below  tlio  level 

(  die  point  of  thu  furnace  from  which  the  metal  is  to  flow ;  tho 

I«rait  p«rt«  of  the  jacket  being  bolted  firmly  together,  to  pre- 

HTpnration  when  tlie  metal  is  poured  in.    A  trough  i^ 

D  from  the  funiaoe  to  tho  top  of  the  mould,  tlie  valve  of 

eot>ened,  and  the  metal  run  in,  in  as  sliort  a  time  as 

J  holes  being  Ivft  at  different  heights  to  allow  the  metal  to 

>  the  mould.     As  it  rises  it  is  agitated  with  a  pine  stick. 

I  the  acoria  kept   in  tlie  middle  to  prevent  its  entering  the 

lU-moolds ;  which  are  enlarged  slightly  on  top,  so  that  any 

[  there  may  \ms  removoi  by  the  cutter  «'hen  the  trunnion* 

vtarood. 

Wben  full,  a  ijuatitity  of  charcoal  la  thrown  on  tlic  top  of  the 

l-be»d  to  ab^irb  gases  and  prevent  oxidation  from  taking 

a ;  and  the  cutiiig  ia  tlien  left  for  several  days  to  cool. 

BoMtsu  AMD  Tcimuio. — It  is  then  taken  out  of  the  motitd, 

1  cleaned  off,  and  when  perfectly  cooled,  is  taken  to  the 

|-roofu  to  bo  borod  and  turned.    These  operations  are  per- 
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the  end  of  the  vieasuring-point^  when  screwed  into  its  place.  The 
searcher  is  about  fifteen  inches  long,  and  the  blades  twelve.  To 
insert  the  instrument  in  the  muzzle  of  a  gun,  the  blades  have  to 
be  pressed  up  together,  and  the  points  then  move  along  tlie  sur- 
face from  the  stiflPhess  in  the  blades.  The  searcher  is  pushed 
slowly  to  the  bottom  of  the  bore  and  withdrawn,  turning  it  at  the 
same  time.  K  one  of  the  points  catches,  its  distance  from  the 
muzzle  is  read  from  the  staff,  its  position  in  the  bore  noted  and 
marked  on  the  exterior  of  the  gun.  The  size  and  figure  of  the 
cavity  is  tlien  determined,  by  taking  an  impression  of  it  in  wax 
placed  on  the  end  of  a  hook. 

To  keep  the  staff  in  the  axis  of  the  piece  whilst  using  the  dif- 
ferent instruments,  it  is  supported  at  the  muzzle  by  a  half- 
tomjpion  of  wood,  having  in  the  center  a  groove  to  fit  the  staff. 
Tlie  rest  for  the  sta?'  guage  may  be  also  used  for  this  purpose. 

The  Cylinder  Guage  is  a  hollow  cylinder  of  cast  or  wrought 
iron  turned  to  the  exact  minimimi  or  true  diameter  of  the  bore. 
Its  length  is  equal  to  its  diameter,  and  it  has  at  each  end  cross- 
heads  perpendicular  to  each  other.  In  one  of  the  cross-heads, 
and  in  the  axis  of  the  cylinder,  a  smooth  hole  is  left  of  the  size  of 
the  cylinder  staff.  At  the  other  end  the  hole  is  threaded  for  the 
reception  of  the  end  of  the  cylinder  staff,  on  which  the  guage  is 
now  screwed,  and  this  pushed  slowly  to  the  bottom  of  the  bore. 
It  must  go  all  the  way  down,  or  the  bore  is  too  small ;  but  if  it  goes 
down,  the  bore  may  still  be  too  large,  and  irregular  in  its 
dimensions. 

Star  Guage,  Figs.  41  and  42,  PL  6. — ^To  ascertain  this,  a  more 
complicated  and  delicate  instrument  is  used,  called  the  star  guage 
from  the  shape  of  its  head,  which  is  of  brass,  with  four  steel 
sockets,  two  movable  and  two  stationary,  for  the  measuri^ig paints. 
There  are  four  measuring  points  for  each  calibre;  and  when 
two  of  these  are  screwed  into  the  fixed  sockets,  the  distance 
between  their  points  is  equal  to  the  true  diameter  of  the  bore. 
The  movable  sockets  rest  against  the  inclined  sides  of  a  slider  or 
wedge  whose  sides  incline  0.35  in.  in  a  length  of  2.2  in.,  so  that 
by  pushing  the  slider  the  35th  part  of  this  distance  (about  0.06 
in.)  the  distance  between  the  two  sockets  or  the  measuring  points, 
if  screwed  into  their  places,  is  increased  .01  in. 

Tlie  slider  is  fastened  to  a  square  steel  rod  consisting  of  three 


jMtrtc,  whirb  are  screwed  togcUier  according  to  the  iengtli  of  born 
to  he  rnKtsarnd.    Tliie  rod  ]>aGEe8  tbruugli  a  Iiraes  tube  whicli  UM 

>  madv  in  three  purtf,  ami  tu  Bcrew  together.     Tliie  tube  Ub 

^radmiol  into  iiicLeft  and  quarter  iiicbes,  cominencing  at  thel 

jdane  of  the  meaMiring  jiointB,  eo  as  to  indicate  t]ie  distance  a^t 

««e  fn>m  ihc  luiixzlv  nf  tliu  gun.  ■ 

Tlje  handle.  Fig.  42,  PI.  6,  is  of  wo<)d,  attaclied  to  a  brass  cylin-B 
dep  or  Kioket  throngh  which  the  rod  paei^ee  into  the  handle.  Tbra 
weket  of  the  handle  slips  over  the  end  of  the  brose  tube  inadfrB 
NuOor  for  tlic  purpoi^f,  and  has  u  elit  iu  it  allowing  the  braafti 

e  U>  ttc  nxa  ihrougli.  On  the  side  of  thiti  Blit  a  Ecale  is  con.*J 
ftnieted,  to  indieale  tJie  movement  of  the  nieaguring  ])ointB..B 
Gi^  joint  of  the  long  tube  hn^  a  mark  ou  it,  to  show  the  position  J 
for  tbe  zero  nf  the  »cnJe  when  the  iuetrunient  is  proper!}-  adjustedfl 
for  uty  particular  ealibre.  In  thi^  poiiitiou  the  handle  if  fixed  tol 
tbe  aliding  rod  by  means  of  a  6crew  clamp.  I 

A  Unso  GcAOK,  or  ring  of  metal,  for  each  calibre,  is  used  for  I 
•djtuting  the  inEtruuient  for  use.     The  handle  is  loosened,  the 
prupcr  nieai^uring  points  arc  RTCwcd  in,  the  ring  guagc  ]ilaced 
Ao  them,  and  the  Blider  pushed  onl  until  all  the  pointB  touch  tlie  . 

er  circumference.     The  zero  of  the  seiile  is  then  made  to  coin- 1 
ode  with  the  mark  ou  the  tube,  and  the  handle  clam^^cd,  whei 
tbe  iitftmment  is  ready  for  use. 

A  Bbtt.  Fig.  43,  PI.  6,  in  the  form  of  a  T,  ie  placed  in  the  mouti 
Iff  tiw  gtm  (o  keep  tbe  inslnuuent  in  the  axis  of  tlie  piece.     Il  hai 
three  ilidcrs  which  can  be  adjusted  on  the  diflerent  limbs,  to  sr 
•aj  »i««i  Uire, 

Cvmmem-ing  at  llic  mniizle,  the  diameter  of  the  bore  is  m^ 
Kind  It  interval*  of  a  calibre,  as  far  as  ihe  trunnions,  Fk 
tbat  point  to  the  teat  of  the  shot,  a  diameter  is  measured  at  every! 
iIld^  and  for  every  <iHartcr  of  an  incli,  for  tiie  rest  of  the  bora.  J 
Xo  raiiation*  over  0.03  uf  an  inch,  arc  allowed. 

Tux  Tbi-s-sion  SdUARB,  Fig.  44,  PI.  tJ,  consista  of  a  horizontj 
fieee  (tf  woo»l  with  two  perpendicular  linihs  projecting  from  it,  thd 
4ittajice  between  which  is  cijual  to  tliat  hutween  the  rinibasw  o 
Ibo  gaa.    llic  bottom  edgCH  of  the  limb«  are  shod  with  iron,  and 

»  in  the  Mmc  plane,  parallel  to  the  upper  edge  of  the  eonnectingfl 
pioec,  Ki  that  when  the  aquare  is  placcxl  with  iU  feet  renting  onl 
.  tbn  trnnntona,  the  upper  edge  of  the  connecting  piece  i»  parallel'l 
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to  their  axis.  At  the  middle  point  of  the  horizontal  piece  a 
pointed  slider  projects  down,  with  a  thumbHBcrew  to  fasten  it  in 
any  position.  Each  of  the  limbs  has  an  iron  plate  projecting  from 
its  side,  the  lower  edge  of  which  is  perpendicular  to  the  limb.  It 
is  placed  on  top  of  the  trunnions,  whilst  the  edges  of  the  feet 
press  against  the  side  to  determine  whether  the  trunnions  hare 
the  same  axis  perpendicular  to  that  of  the  piece. 

To  find  whether  the  axis  of  the  tnmnions  is  in  the  same  plane 
with  that  of  the  piece,  the  feet  are  placed  on  the  top  of  the  trun- 
nions, and  their  edges  should  touch  throughout.  The  slider  is 
pushed  down  till  its'  point  touches  the  surface  of  the  gun,  and  is 
then  fastened  with  the  thimib-screw.  Turn  the  gun  over,  and 
apply  the  square  in  the  same  way  to  the  other  side.  K  the  feet 
now  rest  on  the  trunnions,  and  the  pointer  touches  the  surface  of 
the  gun,  the  two  axes  are  in  the  same  plane.  Should  the  point 
of  the  slider  not  touch,  the  axis  of  the  trunnions  is  below  that  of 
the  piece ;  but  should  that  touch  and  the  feet  not,  it  is  above. 
If  the  alignment  of  the  trunnions  be  accurate,  the  edges  of  the 
feet  will  fit  on  them  when  applied  to  different  parts  of  them ;  and 
if  their  axis  is  perpendicular  to  that  of  the  piece,  the  edges  of  the 
feet  will  touch  throughout  the  tnmnions  while  the  iron  perpen- 
dicular projection  will  rest  on  the  top  of  them. 

Trunnion  Guaoe. — ^Tlie  size  of  the  trunnions  is  determined  by 
the  trunnion  guage^  which  is  an  iron  ring  which  must  fit  closely 
on  the  trunnion,  its  outside  circumference  being  of  the  same 
diameter  as  the  rimbases,  and  thus  serving  to  verify  them  at  the 
same  time. 

The  Guide  Guaoe,  Fig.  45,  PI.  6,  is  a  thin  circular  iron  plate  of  the 
minimum  diameter  of  the  bore,  for  directing  the  measuring  point 
to  the  center  of  the  bottom  of  the  bore.  It  has  a  hole  through 
the  center,  with  a  thread  by  which  it  is  screwed  on  to  the  end  of 

the  cylinder  staff. 

«■  ^^ 

The  Measuring  Point,  Fig.  46,  PI.  (>,  is  a  short  pointed  piece 
of  iron,  with  one  end  cylindrical,  and  having  a  socket  into  which 
the  end  of  the  cylinder-staff  is  screwed  after  the  guide-plate  is 
placed  on.  Tlie  scale  on  the  cylinder  staff  is  made  to  commence 
from  the  end  of  this  point. 

To  find  the  length  of  the  bore  push  the  staft',  with  the  guide- 
plate  and  measuring  point  in  their  positions,  to  the  bottom  of 
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t  bore,  rating  iIil-  staff  on  a  lialf-toinpion  or  tlie  star-guage  retL 
Fitli  m  slniiglit-edge  against  the  face  of  the  piece,  read  off  the 
til  on  the  staff. 

Thk  Tkitssiox  Ri'LE,  Fig.  47,  PI.  6,  ia  a  long  graduated  rule, 
tATisgonil  npiecuuf  metal  iu  tlieBhapc of  au  L,  onelegof  \rluc)i  j 
s  (in  to]i  of  the  trunnion,  while  the  otlier  rests  againet  its  side,  I 
i  tho  diitan«e  of  the  trunnion  from  tlie  base-ring  is  read  off  I 
a  the  staff.  OUier  external  dimensions  of  the  piece  are  meft-  J 
1  by  a  wooden  rule,  it  verified  by  means  of  an  accurately  cut 

A  Rahher-Heau,  or  eitnply  a  profile  cut  to  tit  the  bottom  of 
*l»re,  ia  uwd  lo  determine  the  point  at  which  the  vent  enters 
9  boKt,  by  thrusting  in  a  priming-wire  and  marking  where  it 
#  an  impn.'Mion  on  the  wood.  Tlie  jiosition  of  t)ie  exterior 
e  of  the  vent  l»  also  verified. 
TWe  VioTT  GrAuRH,  Fig.  49,  PI.  6,  are  two  pieces  of  pointed 
*l  wire,  greater  and  less  than  the  tnie  diameter  of  the  vent  by 
|.00$  inch.    They  are  u^d  to  determine  the  size  of  the  rent. 

Tbb  Vewt  Skabchfji,  Fig.  48,  PI.  (i,  ia  a  hooked  ateel  wire 
Itbool  half  the  eize  of  the  vent,  used  to  detect  flaws  or  cracks. 

111!  dimensions  and  form  of  chamliers  are  verified  by  meautr 

f  forms  cot  from  wood  or  metal.     After  tlio  powder-proof,  the 

*ia  wsabod  and  wiped  clean,  the  bore  and  vent  again  cxam- 

IjHld  the  bore  measured.     Tlio  results  of  both  moasurcmeuts 

Inatiomiare  note<I  on  tho  inspet'tiun  reports  opposite  the 

r  of  tlm  gun. 

I^gnre  and  letter  stamps  are  rei^uired,  to  affix  the  necessary 
irki. 
Ixim-noK  OK  Bra»8  Osdnamce, — Brass  cannon  are  measured, 
L'«Bd  their  dimetitiona  recorded,  as  prescribed  for  iron  cannon. 
I  jrt*  nifriitr  fonn  and  dimenviona  are  I'crified  by  thu  ajiplicatfon 
lof  k  jffjilt  em  out  of  frheet  Iron,  of  the  exact  iJiapc  of  a  longitu- 
J  uction  of  the  I'iecc.    Alt  bra«s  ordnance,  except  stone  mor- 
I,  ahoold  be  Uired  under  size  from  .<H  to  .05  inch,  and  after 
at,  revne<l  out  lo  the  exact  calibre.    When  tho  powder-proof  . 
vflni^ed,  the  bore  sliould   be  clcane<l  and  examined;  tlio  vent  ( 
luuld  tb(>n  be  stopped  with  a  grt^ased  wooden  ping,  the  tnouclu 
.,  and  the  gnn  filled  with  water,  to  which  pn.«Bure  shall  be 
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t  not  filled  wliere  the  proving  takes  place,  each  bag  should  he 
iireiii|>ed  in  »  paper  cylinder  and  cap,  marked  witli  the  weight 
d  tlie  {<roof  rangi'. 

Tbe  thof  inu8t  hts  isiiiootli,  free  from  scams  and  other  iiiequali- 
s  tluu  might  injure  the  hore  uf  the  piece ;  and  they  must  be  of 
K  tne  diameter  givcti  in  the  tables, 
the  iC<tt/s  sre  made  of  junk. 

Pwor  oi"  Ibox  <.>ri>sasce. — Ciuiia  and  liowitzers  are  laid  with 

kudzsIl-  rueting  ou  a  block  of  wood,  and  the  breech  on  the 

[,  or  oil  a  tliick  plank,  giving  the  bore  a  small  elevation. 

Mortars  are  moontcd  on  strong  wooden  framoB  or  beda,  st  an 

a  of  45",  supported  by  Uie  trunnions, 
1b  proving  iron  ordnance,  after  pricking  the  cartridge,  prime 
h  powder,  or  a  tnbc,  and  place  over  the  vent  a  piece  of  po^^ 
^  let  Id  clay  or  ])nttr,  long  enougli  to  pcmiit  the  man  wlio  tires 
k  to  reach  a  place  of  *afety  before  the  charge  explodes. 

Paoor  CiiuwBi)  Ft<n  Ikon  Gpnb. — First  and  Second  Hounds. 
-A  char^  of  pow^ler  ecjual  to  one  half  of  the  weight  of  tlie  shot ; 
zo  fhol  and  one  wad. 

T^ird  Hound. — A  charge  of  powder  equal  to  ime  third  of  the 
'djfbt  of  tlie  «hot ;  nue  shot  and  one  w;id. 

In  proving  new  guns,  a  compound  ehot,  or  u  cylinder  with 
ja.l-j^ht}rical  vuAs,  of  the  tme  diameter  of  the  ehot,  and  equal  in 
•  '.,j\.\  to  tho  two  shot,  ehall  be  used  instead  of  tlicm. 

T; .   wad  IB  placed  over  thi"  cylinder  or  the  ujipcr  ball ;  the 

<  ing  well  ranuncd. 

■■    lid  any  of  the  guns  proved  at  one  time,  fail  to  eiistainthe 

-  ■    jri-of,  the  remainder  shall  be  again  fired  twice  with  a 

iiar^  iif  jKiwdcr  eijual  to  one  half  of  the  weight  of  the  shot,  one 

-hot  and  one  wad  ;  and  if,  in  either  or  both  of  these  trials,  one 

fi/srtfa  of  the  whole  number  of  f^iunx  nhonld  fait,  the  whole  sliall 

injectctL 

r  iron  ordnanec  are  tired  with  tlie  following  charges : 


■■bJ;  H  114.  ot  powder,  one  I0-1dcL  *helt  ilnpfifii 
•W  ttitoA  -  IS  111*  or  |«w4(r.  iiBO  S-lnrh  iCrippiJ  •licl  ami  d 
Sd  twrnui:  l>  Ibk  of  powd4r,  oav  Hiach  ^tll  itniffl. 


A>Va  coatt.  •< 
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IIOWITBUA. — 

^  10  inch. — 2  round»,  with  15  Ibd.  powder,  one  lO-ineh  strapped  shot,  and 
one  wad  over  the  shot. 
H'inch. — 2  rounds,  with  12lba.  of  powder,  one  8-inch  strapped  ahoU' 
and  one  wad  over  the  shot. 

(b-tncA. — 2  rounds,  with  4  U>s.  of  powder,  one  8-inch  shot,  and  one  wad 
over  the  shot. 
24-/x/r. — 2  roand:>,  with  8  11)9.  of  powder,  one  24-pdr.  strapped  shot. 
(^  and  one  wail  ovor  the  shot. 

MoBTABS. — 

J,     ^         i  m-ineh. — 2  rounds,  with  20  lbs.  of  powder,  and  one  l»-ineh  shot. 

(  lO-inch.~r^  rounds,  with  10  Iba.  of  i>owder,  and  one  10-inch  shot. 

I'  hi        i  \0-inch. — 2  rounds,  with    5  lbs.  of  ]H»wder,  and  one  10-inch  shut. 

"     (     S-inch. — 2  rounds,  with  2  j  lbs.  of  powder,  and  one    8-inch  shot. 

Should  any  colninbiad,  liowitzer,  or  mortar,  fail  to  sustain  the 
above  proof,  the  remainder  of  those  oflTered  at  the  same  time 
shall  be  again  lire<l  twice  with  the  same  charges ;  and  if,  in 
either  or  both  of  these  trials,  one  fourth  of  the  whole  number 
should  fail,  the  whole  shall  be  rejected. 

TiiK  Watku-Puoof,  as  describeti  for  l)ras8  cannon,  must  also  be 
a]>plie<l  occasionally  to  iron  cannon,  at  the  discretion  of  the 
inspector. 

Tlie  bore  and  vent,  and  the  exterior  surface  of  every  piece  * 
which  is  approved,  should  be  well  covered  with  6]>erm  oil  immc- 
«Hately  after  the  inspection. 

PRtK)F  OK  Brass  Ordxan'ck. — ^Tliey  arc  mounted  on  appropriate 
carriages  or  beds,  and  tired  three  times ;  gmis  and  howitzers  at 
an  elevation  of  5  ',  mortars  at  an  elevation  of  45^,  with  the  follow- 
ing charges : 

FiiLi>  (ii'NS. — A  charge  of  jiowder  i^qual  to  one  thinl  of  tho  weight  i>f  the  shot. 
'•nt-  shot  and  one  wad. 

IliiWITZEUfl. — 

r  :i2-p«lr. — i;J  lb*  i>t"  pnwdfr,  one  ilrjippi.«l  -lioi  und  t»ne  watl. 
Fii'Ifi  .  .  .  -{   21|Klr. — 'Jj  llij*.  of  |Hiwder.  ono  straj-poii  >hi»t  ami  one  wad. 

(^12  |>dr. — 1^  lb*,  of  jK>wder,  uno  ^tnipjtfd  -hot  and  one  Wrtd 
M-fmtain,     12  fMlr. —  }  \h.   of  powder,  one  ttrsp|H^d  ^ilOt  tio«l  i>ne  wad 

Mortars. — ASfom  Mortar. — ^1^  lbs.  of  powder,  covered  by  a 
wooden  tompion  2  inches  thick;  a  basket  tilled  with  alternate 
layers  of  stones  and  earth,  weighing  ITmi  lbs. 
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Oitt^om,  i4-p£fr. — }  lb.  of  powder,  and  one  24-pdr.  shot. 
In  proving  bnus  csddod  id  Bcrvici;,  or  after  they  have  been 
il  t<t  tin*  proper  cftlibre,  Oie  shot  stiuuld  be  wrapped  in  cloth 
r  Mroog  paper  to  save  the  bore  as  mnch  as  jK>6eible  from  in- 


a. — All  cannon  are  re<inired  to  be  weiglied  and  to  bo 

i,  MM  follow*,  viz :  the  number  of  the  ffvn,  and  (Af  initiah 

wintpector'B  namf.  on  the  face  of  thu  muzzle;  the  numbers 

I  MpMmlu  0orieti  for  uhcIi  kind  and  calibre  at  each  foundry ; 

'  '  "  J  lett«»  of  ihe  nati^  u/ thffouri(hi-  and  of  tlie  foiutdrj-, 

Itbc  end  of  the  right  trunnion  ;  the  year  of  fahn'eation  on  the 

d  irf  tite  lefl  trunnion ;  the  fmitulnj  number  on  the  end  of  the 

|tit  rimbaec.  above  the  trunnion ;  the  Wfight  of  the  piece  in 

!•  nn  the  baae  of  the  breccli ;  the  letters  IT.  £.  on  the  nppei" 

mee  of  thu  piwe.  near  the  end  of  the  reinforce. 

I  Dm:  nfttitral  line  of  sight,  when  the  axis  of  the  trunnions  ifl 

mtal,  flhouhl  be  marked  on  thu  base  ring  and  on  the  swell 

BUn  rauKtle,  whilst  the  piece  in  in  tbo  trunnion  lathe. 

1  Oaanoii  rejected  on  inspection  are  marked  X  C,  on  the  face  of 

\  moixlv;  if  condemned  for  erroncotts  dimensions  which  caU' 

t  be  remedied.  Mid   X  D ;    if  by  powder-proof,  X  P ;  if  hv 

i^proof,  X  W. 
I  Lfjinun. — Braw  caimon  are  little  subject  to  external  injury, 
t  from  the  bending  of  the  trunnions  sometimes  after  long 
t,  or  beary  chargee. 
I  Internal  injurioa  are  caused  by  the  action  of  the  clastic  fluidif 
IvdopiHl  in  the  combustion  of  the  powder,  or  by  the  action  of 
t  shot  in  p&MJng  out  of  the  bore.     Tliese  effects   generally 

e  vitli  tb«  cAlibre  of  the  piece. 

Of  the  fint  kind,  which  exliibit  tbenisclvcs  in  rear  of  tlie  shot, 

:  (A«  tntariff^mmt  of  the  fiorf  by  the  comjtression  of  the  metitl, 

4  ccldiim  a  serinua  defect ;  rorrosion  of  j/ietal,  partienlarly 

I  llw  aQfflea,  nach  ae  the  inner  orifice  of  the  rent,  or  the  mouth 

I  ■  erlindrical  chamber ;  erackn^  from  the  yielding  of  the  coho- 

D  of  the  metal ;  aivitUg,  cracks  enlarged  by  the  action  of  the 

,  by   the  melting  of  the  metal,  observable  especially  in 

*  upper  mrfaco  of  the  bore. 

ti^ttnca  of  the  wcond  kind,  which  appear  in  from  of  the 

>,  are :  the  lod^tent  of  th<^  nhot,  a  conipres^'ion  of  the  metal 
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on  the  lower  side  of  the  bore,  at  tlie  seat  of  the  shot,  caused  by 
the  pressure  of  the  fluid  in  escaping  over  the  top  of  the  shot. 
There  is  a  corresponding  lurr  in  front  of  the  lodgment ;  and  the 
motion  thereby  given  to  the  shot  causes  it  to  strike  alternately  on 
the  top  and  bottom  of  the  bore,  producing  other  enlargements^ 
generally  three  in  number ;  the  first,  on  the  upper  side,  a  little  in 
advance  of  the  trunnions ;  the  second,  on  the  lower  side,  about 
the  astragal;  the  third,  in  the  upper  part  of  the  muzzle.* 
It  is  chiefly  from  this  cause  that  brass  guns  become  unserviceable ; 
the  extent  of  the  injury  varies  according  to  the  length  of  the  bore. 
Scratches^  caused  by  the  fragments  of  a  broken  shot,  or  the  rough- 
ness of  an  imperfect  one.  Enlargement  of  the  muzzle,  by  the 
striking  of  the  shot  in  leaving  the  bore.  Exterior  cracks^  or  lon- 
gitudinal splits,  caused  by  too  great  a  compression  of  the  metal  on 
the  interior. 

Tlie  durability  of  brass  cannon  may  be  much  increased  by 
careful  use,  and  by  the  precautions  of  increasing  the  length  of  the 
cartridge^  or  that  of  tlic  sabot^  or  using  a  wad  over  the  cartridge^ 
in  order  to  change  the  place  of  the  shot ;  by  wraj>pi7ig  ths  shot  in 
ivoolen  or  other  cloth^  or  iii  paper^  so  as  to  diminish  the  windage 
and  the  bounding  of  the  shot  in  tlie  bore.  In  field  guns^  the 
paper  cap  which  is  taken  oft'  from  the  cartridge  should  always 
be  put  over  the  shot. 

Iron  cannon  are  subject  to  the  above  defects  in  a  less  degree 
than  brass,  except  the  corrosion  of  the  metal,  by  which  the  vent 
especially  is  rendered  unserviceable  from  enlargement.  Tlie  prin- 
cipal cause  of  injury  to  iron  cannon  is  the  rusting  of  the  metal, 
producing  a  roughness  and  enlargement  of  the  bore,  and  an 
increase  of  any  cavities  or  Jioney-coinbs  which  may  exist  in  the 
metal. 

Iron  has  no  elasticity,  and  less  tenacity  than  bronze  when  sub- 
jected in  guns  to  the  violent  shocks  of  gunpowder ;  it  does  not  yield 
like  bronze,  but  losing  gradually  its  cohesion,  finally  bursts  at 
the  breech  suddenly  and  without  any  external  indication  of  the 

*  These  shocks  are  sonictimcB  so  violent  as  to  broak  the  prcyectile,  the  fragments 
of  which  form  furrows  and  ridges  which  prevent  the  introduction  of  the  ehot  after- 
wards. Bronze  pieces,  after  long  use,  show  these  indentations  at  the  mouth,  and 
become  then  altogether  inaccurate  in  their  firo.  They  ultimately  fail  in  the 
chn»c. 
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}  fracture  generallj  pafiaing  tlirotigh  the  vent.    Iron 

more  injured  liy  exposure  to  tbe  weather  than  l)roiU!e. 

^  %  fe  «onsi<iered  that  after  120Q  rounds  iron  guns  are  not  safe  ; 

t  bninze  gnne  have  been  fired  as  high  as  2400  times  without 

An  iin[»ortaiit  (iiscovery  was  made  by  Gen.  Piobert,  by 

'  B  fttraiD  on  girns  was  reduced,  and  their  dnrability  con- 

'  Iiicrvasetl.     Tliia  conaiatB  in  reducing  the  diameter  of 

idg*,  which,  giving  a  greater  length  of  bore  between  the 

Twttom  and  tlie  projectile,  allows  more  room  for  the  gas  to  ex- 

fwtd  :  »nd  a  part  of  tlie  force  which  was  before  exerted  on  the 

a  u  transferred  to  tbe  projectile,  giving  an  increased  velocity. 

t  dUeoTcry  is  of  the  more  importance,  from  the  fact  that  gnns 

r  como  circum»l>utce«  have  been  rendered  unserviceable  after 

fAoU. 

\  Hie  tnjarifw  to  inortara  and  howitzers,  progress  more  slowly 
a  In  gaa».  The  tnmnions  in  mortara  are  sometimes  bent  from 
t  hiMTT  chargis. 
Tlu!  wn'tco  to  which  an  iron  camton  has  been  subjected  may 
ally  be  determined  by  tlie  appearance  of  the  vent. 
I  Srntna  xsm  UiwpiKiira  CiimoN,  and  Kendkbimo  thsm  Us- 
X. — To  spike  a  piece,  or  to  render  it  unserviceable, 
e  iato  tlic  vent  a  jaggHMl  inid  hardened  steel  spike  with  a  soft 
ititf  or  a  oail  witiiout  a  head;  break  it  off  flush  with  the  outer 
□il  clinch  the  point  inside  by  means  of  tbe  rammer. 
iTedgv  «  ihot  in  the  bottom  of  the  bore  by  wrapping  it  with  felt, 
f  by  Ufoiid  'if  iron  wedgen,  using  the  rammer  or  a  bar  of  iron  to 
m*t  timui  in ;  a  woo<lcn  wedge  would  bo  easily  bunit  by  means 
t  a  durcoal  fire  lighted  with  the  aid  of  a  bellows.  Cause  BbelU 
llnuct  in  the  bore  of  brage  giine  ;  or  fire  broken  shot  from  them 
b  bigh  chargi-8.  Fill  a  piece  with  sand,  over  the  charge,  to 
Fira  A  pi(.-oc  against  another,  muzzle  to  muzzle,  or  the 
f  one  to  th«  chase  of  tlie  other.  Light  a  fire  under  the 
i  braM  gun.  and  strike  on  it  with  a  sledge  to  bend  it. 
t  the  traniiious  of  iron  guns ;  or  burst  tliem  by  firing 
ir^^h  hoary  cbaiyes  and  full  of  shot,  at  a  high  elevation. 
Wbcn  gniii  are  to  be  spiked  temporarily,  and  arc  likely  to  bo 
,  a  Kjrriny  tpitx  is  used,  having  a  shoulder  to  prevent  ita 
^  too  c««ily  extracted. 
To  vM»piki  tt  pUce : — If  tbe  spike  is  not  screwed  in  or  clinched, 
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and  tlie  bore  is  not  impeded,  put  in  a. charge  of  powder  of  i  the 
weight  of  the  shot,  and  ram  jmik  wads  over  it  ^vith  a  handspike, 
laying  on  the  bottom  of  the  bore  a  strip  of  wood  witli  a  groove 
on  the  under  side  containing  a  strand  of  quick-match  by  which 
fire  is  communicated  to  the  charge ;  in  a  brass  gun,  take  out  some 
of  the  metal  at  the  upper  orifice  of  the  vent,  and  pour  sulphuric 
acid  into  the  groove  for  some  hours  before  firing.  K  this  method, 
several  times  repeated,  is  not  successful,  unscrew  the  vent  piece, 
if  it  be  a  brass  gun,  and  if  an  iron  one,  drill  out  the  spike,  or  drill 
a  new  vent. 

To  drive  out  a  shot  wedged  in  t/ie  horc: — Unscrew  the  vent 
piece,  if  there  be  one,  and  drive  in  wedges  so  as  to  start  the  shot 
forward,  tlien  ram  it  back  again  in  order  to  seize  the  wedge  with 
a  hook ;  or  pour  in  powder,  and  fire  it  after  replacing  the  vent 
piece.  In  the  last  resort,  bore  a  hole  in  the  bottom  of  the  breech, 
drive  out  the  shot,  and  stop  the  hole  with  a  screw. 

Preservation  of  Ordnance. — Cannon  should  be  placed 
together,  according  to  kind  and  calibre,  on  skids  of  stone,  iron, 
or  wood,  laid  on  hard  groimd,  well  rammed  and  covered  with 
a  layer  of  cinders,  or  of  some  other  material,  to  prevent  vege- 
tation. 

Guns  and  long  howitzers. — The  pieces  should  rest  on  the  skids 
in  front  of  the  base  ring  and  in  rear  of  the  astragal ;  the  axis  in- 
clined at  an  angle  of  four  or  five  degrees  with  the  horizon,  the  muzzle 
lowest ;  the  trunnions  touching  each  other ;  or  if  space  is  wanting 
for  that  arrangement,  the  trunnion  of  one  piece  may  rest  on  the 
adjoining  piece,  so  that  the  axes  of  the  trunnions  is  inclined  about 
45""  with  a  horizontal  line  ;  the  vent  down,  stopped  with  a  greased 
wooden  plug,  or  with  putty  or  tallow.  K  circumstances  require 
it,  the  pieces  may  be  piled  in  two  tiers,  with  skidding  placed  be- 
tween them,  exactly  over  those  which  rest  on  tlie  ground ;  the 
muzzles  of  both  tiers  in  the  same  direction  and  their  axes  pre- 
serving the  same  inclination. 

Short  howitzers  and  mortars. — On  thick  planks,  standing  on 
their  muzzles,  the  tnmnions  touching,  the  vents  stopped. 

Iron  ordnance  should  be  covered  on  the  exterior  with  a  lacker 
impervious  to  water,  the  bore  and  the  vent  should  be  greased  with 
a  mixture  of  nil  and  tallow^  or  of  tallow  and  beeswax  melted 
together  and  boiled  to  expel  the  water.     The  lacker  should  be 
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renewed  as  often  as  requisite,  and  the  grease  at  least  once  every 
rear. 

The  lacker  and  grease  should  be  applied  in  hot  weather,  in  order 
to  enter  the  pores  of  the  metal. 

The  cannon  should  be  frequently  inspected,  to  see  that  the 
moisture  does  not  collect  in  the  bore. 

In  England,  France,  Belgium,  and  Sweden,  howitzers  and 
mortars  take  their  denominations,  as  with  us,  from  the  diameter 
of  the  bore,  or  from  the  calibre  of  a  gun  of  corresponding  bore ; 
in  Austria  and  Prussia,  from  the  weight  of  a  stone  ball  of  the 
calibre  of  the  bore ;  in  Bussia,  from  the  true  weight  of  the 
^ell. 
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CHAPTER   III. 


FORM  OF  CANNON,  MATERIALS,  &c. 


Allusion  has  been  made  to  tlie  defects  in  the  form  given  to 
cannon,  which  will  now  be  treated  of. 

Tlie  ancient  method  of  forming  guns  from  a  number  of  pieces, 
and  hooping  them  together,  after  the  fashion  of  a  barrel,  no  doubt 
gave  rise  to  the  use  o{ba?ids  and  inouldings  on  the  exterior,  with 
an  idea  that  they  were  strengthening  the  piece.  Latterly,  these 
have  been  modified  in  order  to  i>roduce  a  certain  JiJiish  in  the 
appearance  of  the  piece,  it  being  presumed  that  even  if  they  did 
no  good,  they  certainly  could  be  productive  of  no  harm.  We  will 
try  to  prove  that  this  is  altogether  a  mistake,  and  that  ihQ^hands^ 
moiddings^  ifec,  are  actually  the  cause  of  weakness  to  the  gun. 

Fractcre. — In  Robert  Mallet's  work  "  On  the  Construction  of 
Artillery,"  many  important  facts  bearing  upon  this  subject,  are 
laid  down ;  and  among  the  rest  is  the  general  direction  and 
course  of  the  lines  of  fracture  in  cast-iron  guns  wliicli  have  burst 
under  fire.  It  is  generally  laid  down  that  such  gims  burst  through 
tlie  vent,  that  being  a  weak  or  starting  point  for  the  action  of  the 
powder.  From  there  the  line  of  fracture  passes  along  the  axis  to 
the  front  of  the  trunnions,  where  it  turns  oiF  to  the  right  or  left, 
or  botli,  leaving  the  rest  of  the  chase  entire.  Tliat  this  is  by  no 
means  always  the  case  it  is  not  necessary  to  state ;  but  the  heavy 
dotted  lines  in  figures  49  and  50  will  show  the  most  usual 
course  for  the  fracture.  The  eye  is  supposed  to  be  above  the  gun, 
j)laccd  vent  upward. 


Fig.  49. 


PLANES    OF    WEAK.N'E^ 


On  eicaountog  k  bnrat  piece,  the  dividing  piano  in  the  direc- 

if  Tlip  axis  will  1)6  fonnd  suddcDlj  curved  on  one  or  other  of  the 

•  tenor  of  tlie  gun,  as  shown  in  section  in  Fig.  51, 

'  !iat  the  fracture  commenced  at  one  side,  3,  oppo- 

■  1  [■ortion,  and  spread  from  that,  the  parts  dividing 

iLi.-i.iiJ^  i"r..ni  each  other  upon  the  point  of  inflection  at^. 

Fnctorc,  therefore,  apiwarg  to  commence  at  the  interior,  rend- 

[  the  mttal  apart  from  within  to  without,  a  resnlt  agreeing 

ritlt  mathematical  investigations,  since  the  metal  must  yield  firet 

Ivhcrv  thv  pn^sunre  per  eqnare  inch  is  greatest  upon  its  reaigting   ' 

Ul  of  section,  and  this  is  on  the  interior. 

PLAinCi  OF  Weaskebb. — The   planes  of  fracture   follow   tlie 

:,  with  almost  wierriiig  precision,  of  all  n'-enterin^  angt-fs  on 

nor  of  the  gun.     Thus,  although  the  longitudinal  fracture 

■  through  the  vent,  it  more  frequently  paBscs  along  the  ! 

g  angle  formed  by  the  lock-piece  with  the  gun ;  whilst  the 

c  fi»rtu«»  foilow  the  tsiges  of  the  base-ring  and  reinforce 

ingf,  and  those  near  the  Ininnions,  the  re-entering  angles 

1  by  iheed  with  the  body  of  the  piece.   Tliese  general  direc- 

B  fracture  cannot  be  the  resott  of  accident ;  there  most 

B  to  place  the  fracture  there  in  ])rcfGrcnce  to  other  | 

It  laya,  "  It  b  a  law  {though  one  I  do  not  find  noticed  by 

TrffiEra  on  physics)  of  the  molecnlar  aggregation  of  crystalline  I 
Kilidf.  that  when  their  particles  consolidate  under  the  influence  of  ] 
'i'-*    in  miitiun,   iLcir   crj'stals   arrange  and   group  themselves  ] 
■'.■jir  principal  axes  in  lines  perpendicular  to  the  cooling  or   1 
.    .;.-;;  etiriaces  of  tlie  solid, — that  is,  in  tlie  lines  of  direction  of  I 
the  neat-wave  iu  motion,  which  is  the  direction  of  least  preesore  [ 
•illkin  tb«  masfi ;  and  this  is  true  whether  in  the  case  of  beat  I 
fitmnyfmm  a  prvviously  fused  solid  in  the  act  of  cooling  and  ' 
■  .'"  '   _     -I  i-oriBolidation,  or  of  a  solid  not  banDg  a  crystal* 
'lit  capable  of  assuming  one  u])on  its  temperature 
ly  raided  by  heat  applied  to  il«  external  surfaces, 
'■■•to  iL 

■  se  CT^-Btalline  bodies  bo  cast  in  the  fonn,  say  of  an 
'  riken  when  cold,  the  ]irincipal  axes  of  the  crystals 
.    >-ayd  )«  found  arranged  in  lines  perpendicnlar  to  tht  J 
tig  planes  of  the  mass;  that  is  to  say,  in  the  lines  of  dircc>J 
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tion  in  which  the  wave  of  heat  has  passed  outwards  from  the  mass- 
in  the  act  of  consolidation." 

The  same  eiFect  is  produced  by  applying  heat  far  below  that 
of  fusion,  to  the  surface  of  solids  of  similar  substances. 

If  a  cylinder  of  lead  four  or  five  inches  long,  and  as  many  in 
diameter,  be  cast  around  a  cylindrical  bar  of  iron  one  and  a  half 
inches  in  diameter,  and  two  or  three  feet  long,  the  lead,  cooling 
rapidly  in  contact  with  the  cold  iron,  will  have  a  perfectly  homo- 
geneous structure,  entirely  devoid  of  crystals.  If  the  end  of  the 
iron  bar  be  now  placed  in  a  furnace  and  heated  red  hot,  and  time 
be  allowed  for  the  heat  to  pass  along  the  bar  and  into  the  lead 
imtil  the  temperature  is  raised  to  about  660°  Fahr.,  it  will,  when 
struck  several  blows  with  a  hammer,  all  fall  to  pieces,  and  show 
a  complete  crystalline  structure  with  the  principal  axes  of  the 
crystals  radiating  from  the  center  of  tlie  cylinder.  See  Fig.  52. 
PL  7. 

If  a  flat,  thick  piece  of  malleable  or  rolled  zinc  which,  if  not 
homogeneous,  has  its  fibres  lying  in  the  plane  of  the  plate,  be 
laid  flat  upon  a  cast-iron  plate,  heated  to  within  a  few  degrees  of 
the  melting-point  of  the  zinc,  it  very  soon  becomes  crystalline, 
the  axes  of  the  crystals  being  now  all  arranged  perpendicular  to 
the  sides  of  the  plate ;  the  planes  of  internal  structure  being  act- 
ually turned  round  180°. 

Any  one  who  has  ever  remarked  upon  the  formation  and 
melting  of  ice,  will  have  seen  the  same  principles  exemplified  on 
a  grander  scale.  The  little  sharp  crystals,  as  they  fonn,  are  lying 
flat  upon  the  surface  of  the  water.  When,  in  the  spring,  the  ice 
becomes  rotten  from  the  heat  it  has  absorbed  from  the  water 
beneath  and  the  air  on  top,  these  crystals  will  all  be  found 
arranged  vertically,  and  are  easily  pushed  through  by  the  weight 
of  the  foot  or  a  stick.  Large  floating  cakes  of  ice  have  been 
known  to  disappear  on  being  struck  by  a  vessel,  or  on  striking 
tlie  shore,  called  sometimes  the  sinking  of  the  ice.  The  shock 
destroys  the  little  cohesion  remaining  between  the  crystals,  and 
the  whole  mass  falls  apart. 

Cast  iron  is  one  of  the  substances  which,  in  cooling,  obeys 
more  or  less  perfectly  this  law,  so  that  it  may  be  laid  down  as  a 
fact,  that  the  crystals  of  an  iron  casting  arrange  themselves  per- 
pendicularly to  the  exterior  surfaces.    The  crystals  being  small^ 
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intent  u  nol  very  apparent  to  the  eye.     Tlieir  devel- 

eaiU  upon  the  character  of  tlie  iron  and  the  size  of  the 

uting ;  the  Urgofit  caeting  presenting  tLc  largest  and  coareest 

'.*irrt!fntion  of  cryetals,  bnt  not  the  most  regular  arrangement  of 

— .  -■'::rli  dependii  Upon  the  rate  at  which  the  mass  is  cooled, 

_'Tilarity  witli  which  heat  has  been  carried  off  by  con- 

T'fu  itBiiirfaccB  to  the  eurronnding  mould.     ITence,  in 

'.  what  it  L'allcd  the  '^chilling"  proce8s,where  the  mould 

■    :ck  iron,  whose  high  condncting  power  carries  off  the 

Hy,  til u  niuet  complete  crystalline  structure  occurs  per- 

1.-  to  the  chilled  surface. 

arrangement  of  the  crystals  in  castings  of  different  forms, 

•  tter  seen  by  referring  to  the  figures  which  represent  sec- 

■'.:r.  different  forms. 

:i.  PI.  7,  is  a  Bection  of  a  round  bar  where  the  crystals 
-■.  from  the  center. 
~<jnarB  bar,  Fig,  54,  they  are  arranged  perpendicular 
r  »de^  and  hence  in  the  diagonals  of  the  square,  the 
planu  of  tlie  crystals  abut  or  interlock;  along  these 
.?  the  cry  stall  xation  is  always  confused  and  irregular. 
la  XliiK  flat  bar,  Fig.  55,  the  crystals  are  arranged  as  in  the 
-  .oani,  with  an  extension  in  one  direction. 

In  Fig.  52  i«  shown  the  arrangement  in  a  hollow  cylinder. 

Fijr.  fifi  represents  a  portion  of  the  closed  end  of  the  cylinder 

1  an   hydranlic  prc*«  which  broke  nndor  a  great  pressure,  the 

■i  I  ■!"  lh(r  cylinder  coming  out  in  tlie  form  of  a  flat  fruetrum  of  a 

-.- .  -h.jwing  that  the  planes  where  the  crystals  perpendicular 

■i.L' iiifferent  sarfaces  join  confusedly  together,  are  planes  of 

■•dauss,  along  which  tlie  cohesion  of  the  metal  is  less  tlian  in 

~'y  (fthcr  [lart. 

In  conM^jucncc  of  the  failure  of  this  cylinder,  the  form  wa» 

B^il  to  tliat  riiproentud  in  Fig.  57,  where  the  direction  of  the 

s  chaii^ng  gradually,  formed  no  planea  of  weakueea ;  tatd 

•  ■(dod  the  preMurc  without  breaking.    The  similarity  of  Uicso 

V  to  the  breeches  of  guns  will  bo  readily  recognised. 

I  Fig*.  BS  and  59  are  eoctions  of  different  re-entering  ang1c« 

J  itQ  gatu  as  now  cast ;    and  show  the  planes  of  weakness 

mnitiBff  tbcnfrom.    Fig.  6S  is  through  the  lock-piece;  Fig.  59, 

Iknmi^  •  tnumion;  and  Fig.  CO,  tlirough  a  roinforec  band,  or 
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cliaBe-rin>; ;  mid  all  &how  pluiies  of  wciikiiccB  to  exist  exietlj 
where  tlie  plunoa  of  fracture  poie  ui  \txiTf-t  gnns,  as  vill  be  seen  by 
referring  back  to  FifTs,  41*  and  50.  "Tbe  i^oiiclusion,  UierGfore, 
meme  inevitable,  thut  Imwever  incapable  tbo  onsided  oye  may  b« 
to  diflconi  n.uy  dilfvri.mce  in  tliu  erj'fitalliiik;  arrangement  of  o&e 
part  uf  tlio  glut  moro  tliaii  anolber,  such  {ilauci*  of  wuakncM  do 
exist,  in  tbe  poaitione,  and  from  the  cauaos  boru  ]>ointed  out." 

It  folluvra,  tben,  (bat  in  casting  unr  guns,  all  sudden  iJiaiijiet 
tn  the  directiun  of  the  surface  Bhould  be  avoided ;  that  all  anne- 
cesaary  projwtione,  Biich  as  tbe  cbasu  and  base  rings,  minfunu 
bands,  mouldings  and  inuzzUt  batidii,  shoitld  bv  dispensed  with; 
and  that  tlic  piece  when  tini^lied  elioiiKI  present  as  unbrokcQ 
a  Eurfactf  aa  jioseible,  and  with  a  rounding  (if  pussibk  spher- 
ical) breech ;  so  as  to  aroid  the  great  jtlane^  of  veaknria  now 
formed  there,  which  there  is  little  doubt  were  the  eause  of  th« 
great  number  of  failures  among  the  columbiadfi  of  the  old  pat- 
tern. With  ench  a  form  it  io  wort>e  than  uaeluaa  to  add  mor* 
metal.  Tlic  defect  incrcaeos  with  tbe  sUo  of  tlte  casting,  and  the 
strength  gained  is  not  enough  to  conipcnsatu  for  the  iocruaud 
weight.  Tliis  fact  in  beginning  to  be  appreciated  la  our  serrico ; 
for  very  great  changes  have  been  made  in  tbe  new  colombitda,  by 
omitting  thu  cliast^^  and  base  riiig«,  rounding  off  tJic  brooch,  mad 
reducing  tbe  «wcll  of  the  muxzle.  The  rounding  of  the  breueb 
lias  not  yet  l>een  carried  sufficiently  far,  jirobably  <>ti  u.-couiit  of 
it«  interfering  witli  the  elevating  notcheit ;  though  these  have  not 
as  yet  been  placed  on  the  now  pieces.  This,  however,  can  be  nu 
serious  objection,  since  if  once  the  gtrcnyett  form  is  obtained, 
mechanical  ingenuity  will  very  soon  invent  a  meaaa  of  uiaDaett> 
voring  the  piocv. 

tt  may  be  objected  that  tbe»e  bands,  ornaments,  itv.y  arv  DOl 
eut  uu  tlic  piece,  but  turned  from  it  after  tlie  casting  is  coul,  umI 
can  therefore  have  no  effect  upon  the  arrangement  of  the  cryttaL 
Not  certainly  at  first ;  but  it  must  bo  rememberetl,  that  tlu:  Uw 
qnotetl  applies  as  well  to  the  body  when  receiving  beat  a*  wliill 
giving  it  off;  and  that  aftur  a  gun  beeonics  heatvd  by  repeated 
firing,  the  heat,  having  pawcJ  tlirough  from  the  iimer  to  thu  oater 
sorfiseo,  haft  produced  its  effect  U[K>n  the  rryataU,  and  arranged 
thorn  normal  ti>  the  8urfM-e»  by  wliioh  tbo  heat  goes  out.  Ueooe. 
uld  guns  which  liare  been  a  great  deal  used  take  a  <:ry8talUnv 


wm,  uid  «fe  liftble  to  Wl  lo  jiieoei  at  iiny  time  from  the  AoA 
r  pmiMiwder,  It  fuct  not  often  appreciated  uiitU  too  l»te  nt 
|«palu-  i\h  of  Jtilr  and  ftlicr  celebrations. 

Titit  it  \<y  far  Ilir  mo»t  tatiefacturj  waj-  uf  acconntinfc  for  the 
WMknea*  and  btinttiu^  of  old  gnoB.  CaBt-iron  gnns  hav«  not  tbo 
Muufty  of  lirotixc,  wbirii  cuDitucnce  splitting  long  bufurt-  \htiy 
teirst  Bat  llie  cliaii^  ^dually  takes  place  in  the  mtitil,  and 
li,ftfter  long  iim>  |)ic  abvck  btcomva  tixi  |^at  to  be  borne,  tb« 
■  tiet  apart  liktf  a  bugv  cnko  of  ice  in  l)ic  spring,  vrbidi  in  tlte 
w,  brforc  it«  iTvetalJinc  Mrurturc  wiw  n/w/,  wa»  capable  of 
•Sppcirting  tJioDNuid*  nf  tvU*. 

In  twting  rxilnmbiad*  viihin  late  yearf>,  it  hna  been  found  tbit 

it  it  a]mi»t  impowtilu  t<(  make  Ibcin  itrong  encmgli  tu  vitlutand 

e  proper  nnmbcr  of  charfr^-«,  itntwithntanding  that  the  rery  fint 

I  qumtity  of  inm  vra»  u*«tl,  and  ime  wliitOi,  oc  a  metal,  had  borne 

r  higticst  triaU  for  tenncity  and  ktrctigth.     After  attribn- 

I  tkm  fiilnrea  lo  quick  [Miirder,  and  rarittoi  ol)ier  reastmi,  the 

t  of  changing  the  form  of  the  piece  haA  been  finally  re- 

I  tn,  and  it  is  lo  be  expected  wjtli  very  beneficial  mnlta. 

t  trial*  goDomlty  take  place  ai  coon  as  a  gnn  i«  finished.  But 

>  mum  than  probable  that  tf  left  fur  years  (daring  which  Hino 

cliatigi'  1p  going  on  In  the  stnietnre  of  the  fTun),  the 

f  iDetal  would  B»niii(^  a  [lennanent  ilate  or  tt;  jtM  as  a  wagon 

r  doe*,  the  fibrr*  ol'  which,  after  a  time.  acciiMotii  tlieuiiclvea 

rtotb*--^  ~   '-         -     -'=  '   ■'    -1  Iicromm  the  natural  oDC. 

Iri  which  are  fliiallcr  than  otben, 

will  '  -  tins  in  Ibc  y\cce  which  arc  liable 

to  act   in ;:.n    n-i\        liius.i   r   [iistwico,  the  neck  of  a  [rioce  will 

cool  much  before  the  body,  lhn»  cutting  off  the  'upply  of  liiinid 

■T**«»}  fr""i  tb"  di*»f1  bc«d  :  ntid  n  vfli-nnt  space  or  cellular  portion 

I,,  having  very  little  Icna- 

in*  an:  not  now  made  so 

.  i>  mnn>  nearly  a  cylinder 

r'!'  t'lmcd  down  by  machinery. 

\  TUa    ■  very  mnrii  slntnger. 

Ti"  'rft,  and  succewive  Uyot*  l»wMnna 

I  aoUdifi'^-t  ntJ  ]  cntn<  is  rvacbed,  tba  partids*  of 

lUqnid  nwtal  '  rarda  the  ooolbif  mflwm.    The 

f  of  t!  '  «  Stale  of  (alcmal  laodoD  In  the 
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molecules  of  the  metal,  tearing  away  the  external  portions 
from  the  internal  nucleus,  and  producing  along  the  axis  a  line  of 
weakness,  where  the  metal  is  soft,  porous,  and  with  coarse  and 
separated  crystals,  leaving,  in  spite  of  the  constant  feed  of  liquid 
metal  through  the  dead-head,  actual  cavities  in  the  centre  of  the 
casting. 

Fortunately,  in  pieces  of  artillery  this  portion  is  nearly  all 
bored  out ;  but  where  the  boring  does  not  extend  well  back  to  the 
exterior  of  the  breech,  a  portion  of  this  soft  spongy  mass  remains, 
forming  the  bottom  of  the  bore.  This  is  more  especially  the  case 
in  very  large  mortars ;  and  the  defect  increases,  of  course,  as  the 
mass  of  the  casting  becomes  larger.  Figure  61,  PI.  7,  represents 
a  large  mortar  with  the  dead-head  still  on,  and  the  bore  marked 
out  in  black  lines.  The  weak  point  is  evidently  at  the  bottom  of 
the  chamber. 

A  remarkable  exemplification  of  this  weakness  was  exhibited 
in  the  English  mortars  (13-in.)  used  in  the  bombardment  of  Swea- 
borg  during  the  last  war  with  Bussia.  Three  of  these  mortars 
burst  after  firing  from  100  to  300  rounds.  They  split  into  two 
almost  equal  halves,  in  a  plane  passing  through  the  axis  and  vent, 
and  exhibited  no  defect  or  injury  except  just  at  the  bottom  of  the 
chamber,  where  "  a  small,  irregular  cavity  was  found,  with  jagged 
sides  and  bottom,  as  though  burrowed  into  by  some  corroding 
agent."  The  metal  of  which  they  were  made  appears  to  have 
been  of  a  very  indifferent  quality,  but  pieces  taken  out  near  the 
muzzle,  inside  tlie  bore,  showed  a  mixed  metal  of  the  very  coarsest 
kind ;  and  could  the  part  bored  out  have  been  examined,  it  would 
no  doubt  have  shown  a  much  worse  texture.  Most  of  the  other 
mortars  showed  similar  defects. 

Hollow  Castino. — ^To  avoid  these  defects,  it  has  been  proposed 
to  cast  guns,  more  particularly  heavy  mortars,  hollow,  or  on  a 
core,  and  in  this  way  to  have  in  cooling  a  hollow  cylinder,  which 
we  have  shown  to  be  the  strongest  form.  Tlie  piece  may  be  cast 
on  a  core  placed  in  the  centre  of  the  mould,  just  as  a  shell  is  cast. 

Capt.  Rodman,  of  the  ordnance  department,  has  for  some  time 
been  making  experiments  on  a  plan  of  his  for  casting  guns  hol- 
low, which  promises  very  important  results. 

A  core  is  formed  on  a  water-tight  cast-iron  tube,  closed  at  the. 
lower  end.     By  means  of  an  interior  tube  in  the  center  of  the 
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and  open  at  the  lower  end,  a  gtreain  ol'  water  is  conducted 
the  bottom  of  tlie  larger  tube,  and  rising  through  the  circular 
between  tile  two,  flows  out  at  the  top.  A  fire  is  huilt 
im]  tliv  jacket  at  tho  bottom  of  tlic  casting  pit,  and  the  gun- 
ild  kv^tl  at  riejcrly  red  heat.  Twenty-fiTc  hours  after  casting, 
core  i«  witlidrawii,  and  the  flow  of  water  continued  through 
space  loft  by  it  for  forty  hours  longer. 

lie  unoDSt  of  water  used  is  about  fifty  times  the  weight  of 

casting,  and  the  heat  imparted  to  the  water,  and  carried  off 

it,  ic  equal  to  60°  on  the  whole  quantity  used.     Tliis  ia  in  caet- 

In^  an  S-incb  culunbisd.     For  larger  pieces,  the  amount  of  water 

Uid  time  of  cooling  are  greater. 

All  tliv  gnns  cast  in  this  way  present  a  marked  superiority 
ti  «odurance,  over  tliose  caet  solid  in  the  ordinary  way  ;  and  the 
colnmbiad  muntioued  above,  sustained  1,500  rounds,  in- 
^doditig  proof  charges,  witliout  bursting ;  whilst  another  of  the 
calibre,  e&«t  i*olid,  from  the  same  metal,  at  the  same  time. 
uh)  ondur  precisely  the  same  eircnnistance^,  failed  at  the  seventy- 
tiiinl  roan<l. 

In  the  ordiaarj'  method  of  casting,  all  the  cooling  takes  place 
tho  outside.     Tho  tem]>eraturc  of  tho  metal  being  much  above 
melting  point,  coola  down  until  tho  exterior  sorface  reaches 
the  freezing  i)oint,  when  a  thin  layer  ia  formed  by  congelation  on 
ihc  eitcrior,  inclosing  within  it  the  liquid  metal. 

Another  layer  is  now  formed  within  this  and  upon  it,  and  in 

t!iv  itii-nntinie  the  first  layer  loses  a  portion  of  it6  heat,  and  its 

T'  ii^i-i  raturc  falU  below  the  freezing  point  and  below  that  of  the 

ei:  layer.     Xcat,  a  third  layer  is  fonned,  and  so  on  until  tlie 

hole  becomes  solid ;  at  which  time,  if  we  fiupiwso  the  outside 

lyer  to  have  arrived  at  the  temperature  of  the  eurrounding 

the  diffcr\!ncc  between  its  temperature  and  the  center  of 

carting  will  bo  about  27O0». 

"dti  oataide  layer  has  now  ceased  to  contract,  wliilat  the  tntfi- 

oaca  arv  ju>t  bcfpuuing;  and  the  effect  of  unch  a  contraction 

tte  Ui  i;Bt;ct  a  very  injuHouA  titrain  upon  the  exterior,  and 

the  interior  to  form  a  very  poroua,  weak  metal,  especially  if 

ic  mpi>ly  of  liqnid  metal  iii  cut  off,  aa  in  tlie  case  of  easting  gum 

[til  a  narrow  part  at  the  nock. 

Hio  caw  Auppoeed  where  the  difference  between  tlio  tempera- 
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tares  of  tho  interior  and  the  exterior  is  a  maximam.  is.  of  o 
an  extreme  one,  whlcb  will  never  occur  in  pracUcM ;  Imt  it  4 
to  explain  tbc  law  rulating  to  the  contractidii  of  iron  in  covffi 
TJie  more  eqiiaJly  ami  unifonrily  a  casting  cmoIs,  tli** 
liable  it  in  to  be  wefUtencd  b^'  tbc»e  «traini ;  ami  ttic  ina 
Capt.  Rodman's  invention  cvidontly  comieta  in  rctardin 
cooUiig  of  tbo  onUidu  by  the  u}>plication  of  bnt,  unil  bai 
that  of  tbo  ineide  by  tlie  application  of  cold,  thus  rtmd«~ 
cooling  of  tlic  wholu  nitWH  elowcr  and  moru  uuifurm,  and  f 
ijig  the  formation  of  tboise  8iicec6«ive  laycrit  of  different  t 
lortM  ;  or  if  thuy  arc  formed  at  all,  niaking  thum  conunei 
the  interior,  by  which  tbc  istrnin  is  mrenej  and  actually  i 
add  to  tlie  strength  of  the  piecu. 

Tbo  method  can  only  be  |«!rfaeted  by  experiments  by  l 
the  proper  degrees  of  lieat  and  cold  to  be  appUod  may  bo  4 
mined  ;  fur  to  cool  tlio  jiicco  tno  rapidly  on  tlio  interior,  woBtj 
even  woree  llian  too  rapid  exterior  cooling. 

Capt.  Rodman  has  also  eaf;>gp«tvd  an  improvcmoDt  t 
Buinford'e  tiietliod  of  detcrinininf;  tbe  tiiickneM  of  uietat  ■" 
ent  points.    This  consists  in  intistituling  for  the  pistol-l] 
ballet,  a  piston  having  a  punch  at  one  end.    Tliis  i«  pot  fl 
beds  uiftde  in  the  gnu,  and  a  block  of  copper  to  plaued  1 
soon  as  tho  piston  is  acted  on  by  the  inflamed  charge,  the  f 
it  forced  into  the  surfaeo  of  the  copper,  making  a  certain  i 
ation  vhich  is  afterwards  compared  with  one  made  in  tbo  | 
block  of  coj>pcr  by  the  eanie  or  a  BimilKr  punch  in  a  i 
where  any  anioiitil  of  prewnre  can  bo  givun  by  the  appUd 
weights.     Tiiis,  altbougli  not  an  atcuralc  proccw,  the  f 
plied  in  tbc  two  cmk*  being  no  different  in  tlitnr  natoi 
probably  tlie  m'arc*t  approximaliou  yet  ol>tained. 

Oapt.  Rotlinan  ba«  met  with  sncli  saccctw  in  his  plu  I 
'  casting,  ttiat  he  is  now  abont  to  cast  by  dinietli 
nrenuneot,  a  gun  of  15  inches  in  calibre,  which  will  ] 
^  be  a  complete  teat  of  the  avBtem  ;  Eincu,  if  emd]  aa  I 
can  b«  formed  with  a  eorrcBp<>ndtng  strength,  ihiiro  wSiii 
DO  doubt  i>f  the  advantagea  of  tliis  mvtltotl  of  casting. 

TKCTfKiOJta.— Anotlier  groAt  cause  of  the  want  of  ■ 
gona  aaat  present  formud,  In  thv  jxmtMit  of  thu  ErBtmia 
ganU  tho  jtvint  to  which  the  recoil  of  thu  gun  i«  I 


e  of  these  tnumionft,  by  forming  great  re-entering  an- 
e  sorfaco  of  the  gun,  is  of  iteclf  a  great  cause  of  weak- 
,  as  ba*  already  beeu  explained  ;  l>ut  their  position  on  all 
»  except  martara,  hae  a  weakening  effect  in  a  different  way, 
li  will  now  he  explained. 
Let  M  he  tlic  maes  uf  a  shot,  and  D  its  diameter,  v=:its  ini- 
tial Telocity,  and  M'  the  maas  of  the  gun  neglecting  the  mass  of 
e  powder.    The  "work  done"  by  the  eiplosiou  wiirbe=Jfv'-|- 
Tr"  ;   tlie  (quantity  of  work  of  the  recoil  beiDg= Jf' f'',  which, 
sfcrred  against  the  interior  of  the  breech,  tends  to  slrelch  the 
1  from  the  section  y  to  the  muzzle.     Fig 


The  rate  of  propagation  is  very  rapid,  bo  inach  so  as  to  pre- 

nt  to  the  eye  the  appearance  of  u  Bininltaneoufi  recoil  of  the 

Irhole  gun.    Tlie  first  effect,  however,  is  to  elongate  the  gun,  euc- 

iTcly  strairdng  each  portion.     The  gun  resumee  its  original 

Elh,  provided  the  elongation  is  far  within  the  elastic  limits  of 

b  Btetal. 

If  the  gun,  instead  of  resting  on  its  trunnionn,  abut  firmly 

ist  a  fixo*)  object  at  the  breech,  x,  the  segment  in  rear  of  the 

ridge  will  lie  eompretiied  by  a  force  equal  to  tlie  whole  recoil 

b  Ui«  direetion  yx.  wliilc  tlie  other  portion  of  tlie  gun  will  be 

mdtd  by  a  furcu  in  the  direction  ys,  which,  at  the  section  y,  is 

BBal  to  the  recoil,  and  at  the  muzxic  is=0.    If  F,  then,  be  the 

tfk  done  to  tear  the  gun  in  two  at  y,  and  f^tho  time  the  shot 

ikcs  to  roadi  Utc  muzzle. 


i  be  the  longitudinal  strain  on  tlie  gun. 
If  the  tircecb  be  unsupported  at  x,  the  strain  tending  to  tear 
kflffat 
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diminislied  only  by  the  inertia  due  to  its  small  mass  between  y 
and  a?,  or 

If  the  gun  be  fixed  rigidly  on  trunnions  placed  in  the  usual 
position  at  t^  tlie  strain  tending  to  tear  them  oflF  is  equal  to  the 
whole  work  done  by  the  recoil.  The  bearings  always  yield  some, 
however. 

If  M"  be=  the  mass  between  a  and  t^  the  tendency  to  tear  the 
gun  in  two  at  the  trunnions,  is 


\-2  ^Y' 


This  extension  at  t  at  the  first  moment  is,  on  the  principle 
already  stated,  followed  by  a  compression  in  the  direction  zt^  of 
equal  amount ;  and  so  for  any  other  position  of  the  trunnions. 

The  amount  of  extension  or  compression — assuming  the  gun 
of  equal  transverse  section  of  metal  throughout  its  length,  and  its 
elasticity  perfect — being  proportionate  to  the  extending  or  com- 
pressing forces,  it  follows  that  the  longitudinal  strain  on  the  gun, 
due  to  recoil,  will  be  a  minimum  if  the  trunnions  he  placed  (U  tJie 
farthcitt  paint  to  the  rear^  as  in  mortars,  or  if  the  breech  be  rigidly 
fixed  there,  and  supported,  without  trunnions,  against  the  recoil. 

The  metal  of  a  gun  is,  therefore,  subjected  at  the  same  time 
to  three  different  strains,  which  act  at  right  angles  to  each  other. 
1st.  The  tangential  or  bursting,  which  is  extensional,  and  accom- 
panied by — 2d,  compressive  or  radial  strains,  which  are  normal, 
and — 3d,  the  longitudinal  and  re-active  strains  of  the  recoil,  which 
are  chiefly  extensional.  There  are  good  grounds  for  presuming 
that  the  existence  of  the  latter  two  tend,  to  a  certain  extent,  to 
weaken  the  resistance  of  the  metal  to  the  former. 

Could,  therefore,  a  convenient  method  be  invented  for  sup- 
porting guns  upon  their  carriages  without  the  use  of  trunnions, 
the  recoil  being  received  by  a  support  entirely  in  rear  of  the 
piece,  the  trunnions  could  be  dispensed  with,  and  the  gun  very 
much  strengthened  in  two  ways.  Muskets  and  other  small  arms 
arms  are,  therefore,  arranged  in  the  way  best  suited  to  tlieir 
strength,  and  they  can  therefore  be  made  much  lighter  than  would 
otherwise  be  safe. 


CUANGE     l.V     TORll- 

Wbcther  designedly  or  not,  tLe  ancient  guns  poseossed  this 
dpmcnt  wf  Btrongtli,  for  tbey  were  witliont  tnmnions,  and  trane- 
uiitttd  the  recoil  to  eupports  placed  behind.  Being  of  iiamenBC 
ax::  thin  might  have  boon  tlic  result  of  calculation,  provided  trnn- 
aitma  Itwl  ever  been  used  on  guns  in  early  times ;  but  it  is  prob- 
ktdy  the  ease  tbftt  they  were  an  invention  of  a  later  day. 

It  u,  therefore,  concluded,  that  were  tlicsc  causes  of  weakness 
ia  guiw  obviated  in  the  way  proposed, — let,  by  forming  the 
piece  perfectly  plain,  and  with  no  re-entering  angles;  and  2d,  by 
difpetwing  with  the  trunnions, — thoy  would  beoonie  muchstronger, 
aad  coold  ho  made  to  support  tlio  eatue  amount  of  strain  by  using 
]em  metal,  thereby  reducing  the  weight. 

„  By  looking  at  Fig.  63,  it  will 

be  seen  what,  according  to  the 
preceding  remarks,  is  regarded 
as  the  weak  point  of  our  present 
columbiads.  The  sharp  angle 
at  the  breech  forms  a  plane  of 
weakness  in  the  direction  ab; 
and  tile  additional  metal  outside 
of  the  dotted  circle,  instead  of 
strengthening  the  piece  actually 
makes  it  weaker. 
This  &Kt  is  beginning  to  be  appreciated  by  our  authorities ; 
(or  Sliding  it  impoasible  to  obtain  the  proper  strength  with  thv 
pfCHnt  form  of  tJie  columbiad,  they  have  been  compelled  to 
duoge  it  to  that  represented  on  the  lower  half  uf  tlie  figure.  Bui 
Ait,  ahbongh  an  approximation  to  the  tlieory  uf  Hnllet,  »topB 
■bort  of  it ;  and  I  think  a  gun  fonninl  us  represented  by  the 
duttud  line  on  the  upper  half  of  the  iignre,  would  give  greater 
flrengtb,  at  the  muva  time  that  less  metal  woidd  he  naed  and  a 
lij^tu-  piece  liv  obtained. 

The  priiicijile  that  sharp  angles  in  castings  do  cause  weakucMi 
being  ackDowiedgod,  it  is  to  be  presumed  that  other  reasons,  he- 
fide*  a  disinclination  to  make  such  a  complete  change  in  the  form 
of  the  piece,  exist  to  prevent  oar  authoritiett  from  following  the 
tlieory  m(«e  strictly ;  and  among  these  is  probably  the  fact  that 
a  gvn  ao  formed  would  require  a  great  change  in  the  present  car- 
riage, and  poMibly  an  untintly  new  one. 
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The  breech  of  the  "Dahlgren"  gun,  now  so  well  known  in 
our  navy,  seems  to  have  been  fonned  in  accordance  with  the  prin- 
ciples just  laid  down ;  and  a  paragraph  in  a  letter  from  its  dis- 
tinguished inventor  is  so  directly  to  the  point  in  the  matter,  that 
it  is  inserted.    He  says, — 

"  It  would  be  an  egregious  error  to  suppose  that  the  resistance 
demanded  for  the  gun  in  its  different  parts,  is  to  be  obtained 
solely  by  the  thickness  of  metal ;  other  controlling  considerations 
come  into  question,  as  I  think  you  will  admit  upon  noticing  the 
dimensions  of  different  models  of  guns,  and  the  leading  fact  that 
in  scarcely  any  instance  has  a  weak  gun  been  wanting  in  quantity 
of  metal." 

The  iron  used  in  the  manufacture  of  these  defective  pieces  was 
of  the  very  best  quality,  so  good  in  fact,  that  it  began  to  be  sus- 
pected that  it  was  too  good^  and  that  it  was  necessary  to  mingle 
with  it  some  of  inferior  quality,  in  order  to  produce  those  pecu- 
liar qualities  of  metal  most  suitable  to  resist  the  force  of  gun- 
powder. 

As  if  to  completely  demonstrate  that  in  the  form  lay  the  de- 
fect of  the  pieces,  an  incident  occurred  some  time  ago  at  Boston 
where  an  opportunity  was  offered  of  comparing  the  two  forms  of 
the  army  columbiads  and  navy  shell  guns. 

Some  of  each  were  cast  from  the  same  metal  at  the  same  time 
and  by  the  same  persons,  and  when  comipleted  were  proved.  The 
columbiads  8-in.  failed  under  proof,  two  bursting  by  service 
charges  at  the  180th  and  45th  rounds.  The  navy  guns  9-in.  suc- 
ceeded completely,  enduring  1500  rounds  without  bursting. 

The  cause  of  the  failure  of  the  columbiads  being  supposed  to 
be  due  to  tlie  high  bursting  quality  {hnsante)  of  the  powder  used, 
the  navy  department  caused  another  gun  of  the  same  lot  to  be 
tested  with  powder  similar  to  that  used  with  the  columbiads. 
Tlie  gun  sustained  1500  service  rounds,  appeared  then  to  be  in 
good  order,  and  was  finally  burst  with  proof  charges  at  the  23d 
round,  the  shot  having  been  gradually  increased  to  7,  weighing 
about  650  lbs. 

The  pieces  were  about  the  same  weight,  about  9,000  lbs.  A 
68-lb.  shot  and  10  lbs.  of  powder  were  used  with  the  columbiads, 
and  a  shell  weighing  70  lbs.  and  10  lbs.  of  powder,  with  the  navy 
gims. 
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WATEEULS,— IROK. 

In  couuectiou  with  tliis  subject  of  endurance,  an  important 
Cket  vu  noticed  in  making  some  experiments  tn  1S52.  It  was 
baod  that  the  leogtli  of  time  that  a  piece  had  been  cast  had  a 
Terr  great  influence  npon  its  endurance. 

Three  6-in.  culnmbiads  of  the  same  form  and  dImensionE,  and 
cut  in  the  eamc  way,  were  tried.  One  of  them  had  been  cast  only 
a  few  days,  the  other  two  were  six  years  old,  and  of  metal  of 
inferior  itrength  to  the  first.  Tlie  one  tested  immediately  after 
ewting  failed  at  the  72d  round ;  of  the  other  two,  the  weaker 
ftOcd  «  tiie  800th  round,  and  the  other  sustained  2582  fires  witli- 
out  yielding. 

Ifere  is  an  apparent  anomaly  which  appears  to  be  satisfacto- 
rily explained  by  the  supposition  that  the  strain  wbic-h  has  been 
referred  to  as  existing  in  the  gun  when  cast  is  limited  in  duration, 
and  that,  like  many  other  substances,  ir<m  jtosBCSseB  tbe  property 
of  accommodating  itself  to  an  onnatural  position,  and  finally  of 
adopting  this  as  its  natural  one,  and  of  actually  being  as  strong 
or  eren  stronger  in  that  than  in  the  original  state;  just  as  a  wagon- 
how  or  bar rtl -I loop  after  becoming  used  to  the  new  direction,  will 
DOl  only  not  return,  when  released,  to  the  old.  but  rec^uire  force 
to  bring  it  hack,  showing  that  the  fibres  possess  the  power  of 
■ccomniodating  tbomselres  in  accordance  with  the  solicitation  of 
cxtvmal  force*.  Tliere  is  nothing  in  the  character  of  iron  which 
pnclndes  thi«  idea  of  a  new  arrangement  of  the  fibres ;  on  the 
e«intrary,  as  has  been  shown,  it  does  take  place  under  certain  cir- 
camatance«. 

Tt  wonld  therefore  seem  to  he  adrigable  and  of  benefit  to  tbe 
ctreogth  of  ordnance,  tliat  it  should  be  allowed  to  remain  for  a 
CKflain  Itingth  of  time  undisturbed  after  casting  and  before  bcii 
ttsted  ;  and,  most  probably,  the  longer  this  period  the  greater  I 
«oiDeB  thu  slrangtli  of  this  pieces. 

MATERIALS  FOR  ORDNANCE. 

Isu5. — It  i«  laid  down  that  iron  for  our  cannon  must  be  of  tllO 

Et>e>t  ijoality  of  i-harcoal  iron,  made  in  a  smelting-furiiace,  with  a 

■cultl  bUat,  and  should  be  selected  especially  u'ith  regard  to  ita 

jtli.    ITiere  are,  however,  many  important  details  necessary 

b  be  obscrvud  in  making  the  easting,  and  without  which  defects 

Pvn  klmoet  eertain  to  result :  among  these  may  be  mentioned  the 
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temperature  of  the  metal  at  the  time  the  casting  is  made,  the 
number  of  times  it  has  been  melted,  the  method  of  making  the 
casting,  &c.,  all  of  which  vary  according  to  the  particular  kind  or 
'*  make"  of  metal  which  is  used.  An  accurate  knowledge  of  all 
these  details  is  necessary  to  a  successful  founder;  but  to  enter 
deeply  into  them  would  scarcely  be  within  the  scope  of  this 
work. 

Gray. — The  iron  suitable  for  cannon  should  be  soft,  yielding 
easily  to  the  file  or  chisel ;  its  fracture  an  imiform  dark  gray, 
brilliant  appearance,  with  crystals  of  medium  size. 

This  iron  is  distinguishable  from  the  other  principal  division 
{t?ie  white)j  by  being  softer  and  less  brittle,  slightly  malleable  and 
flexible,  and  not  sonorous.  The  color  of  its  fracture  is  lighter  as 
the  grain  becomes  closer,  and  the  hardness  increases  at  the  same 
time. 

A  medium-sized  grain,  bright  gray  color,  lively  aspect,  frac- 
ture sharp  to  the  touch,  and  a  close  compact  texture,  are  the  char- 
acteristics of  a  good  quality.  K  the  grain  be  very  small  or  very 
large,  or  the  iron  present  a  dull,  earthy  aspect,  loose  texture  or 
dissimilar  crystals  mixed  together,  the  metal  is  of  an  inferior 
quality.  If  the  iron  is  too  soft,  loose  and  coarse,  its  strength  and 
elasticity  may  be  increased  by  remelting  it  once  or  twice,  and  by 
continuing  it  in  fusion  several  hours  under  a  high  heat. 

Gray  iron  melts  at  a  lower  temperature  than  white,  becomes 
more  fluid,  and  preserves  its  fluidity  longer ;  it  runs  smoothly ; 
the  color  is  red,  and  deeper  in  proportion  as  the  heat  is  lower ;  it 
does  not  stick  to  the  ladle ;  it  fills  the  mould  well ;  contracts 
less,  and  contains  fewer  cavities,  than  white  iron ;  the  edges  of 
a  casting  are  sharp,  and  the  surface  smooth  and  convex. 

Tlie  mean  specific  gravity  of  pig-iron  is  7.0,  and  its  tenacity, 
about  16,000  lbs.  to  the  square  inch,  wliich  are  both  increased  in 
the  gun,  the  former  sliglitly,  the  latter  to  between  25,000  and 
30,000  lbs.  Tlie  tenacity  and  specific  gravity  of  gray  iron  are 
diminished  by  annealing  ;  whilst  in  white  iron  the  former  is 
increased  and  the  latter  diminished  by  the  process. 

White  iron  is  very  brittle  and  sonorous ;  it  resists  the  file  and 
chisel,  and  is  susceptible  of  high  polish.  The  fracture  presents  a 
silvery  appearance,  and,  compared  with  gray  iron,  is  compara- 
tively smootli.    Tlie  diflPerences  between  the  two,  when  placed 
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«iile  l^jr  tide-,  are  very  marked.  Wlien  melted,  it  is  white,  and 
tlirows  off  a  great  number  of  sparks,  but  is  ecldom  uaed  by  itself, 
without  being  mixed  with  a  superior  quality  of  iron.  A  mixture 
■if  tlif  two  kinds  (white  and  gray)  is  generally  used  in  making 
shot  and  shell,  where  strengtli  is  not  of  the  same  importance  as 
in  gniu. 

Buiidee  these  two  divisions,  manufactarers  distinguieh  more 
{'Ulicularly  the  different  varieties  of  pig-iron  by  numbers,  aceord- 
tjip  to  the  hardness,  No,  1  being  the  gray,  and  No.  6,  the  white 
iron. 

Tlie  qoalities  of  these  different  kinds  of  iron  depend  very 
mnch  up.m  the  proportion  of  carbon,  and  the  state  in  which  it 
cii*!^  in  tlie  metal.  In  the  darker  kinds,  where  the  projitirtion  is 
Houctimes  7  per  cent.,  it  exists  partly  as  graphite  or  plumbago, 
which  Mflcnit  llie  iron.  In  white  iron  tlie  carbon  is  thoroughly 
combined  with  the  metal,  as  in  steel. 

SwEDisn  Castimgs. — The  tenacity  of  gray  cast  iron  is  mnch 
I«««eDud  by  using  intenge  heat  in  the  blasl-furnace ;  and,  where 
•-a*tii))rs  arc  required  to  offer  great  resistance,  it  shonid  not  be 
iTOploywl.  That  obtained  from  le^^^  refractory  ores,  and  hi  fur- 
naces of  lower  temperature,  gives  greater  strength,  jirovided  it  is 
not  too  gray,  i.  c,  too  graphitic,  and  does  not  expel  too  large  a 
'inantity  of  graphite  (in  cooling). 

In  certain  caeca,  ncitlier  gray  iron  nor  wliito  sliould  he  used 
K-r  cantion.  Gray  iron  produced  from  a  mixture  of  refractory 
ore  and  flux  (any  matorial  oscd  to  assist  the  reduction  of  the  ore, 
w  liint»t<.>uc  or  clay),  is  unsuitable^  because  it  then  contains  a 
large  pniponion  of  cartljy  metals;  but  even  with  readily  fusible 
••n-^  ii  !9  extn-niely  difficult  so  to  work  the  smulting-fumace  that 
t)i.:  ji(:iron  shall  neither  be  too  gray  nor  too  white,  either  of 
tthich  iit  L-qually  injurious  for gnn-fuunding. 

Tlic  plan  piirvuud  in  Sweden,  w)iere  they  have  the  finest  cast- 
iroa  imti*  in  the  world,  is  to  charge  the  furnace  jiartly  with 
ni*fit«d  and  jiartly  with  raw  ore,  and  ttie  blast  is  sn  regulated 
that  the  yield  shall  be  n>gular,  and  the  slag,  or  refuse,  nearly  col- 
•irles.  Theac  two  kinils  of  ores,  having  different  degrees  of  fusi- 
tQity,  are  reduced  after  different  periods  in  the  furnace,  and, 
hcsee,  afford,  oni*  u  gray  and  the  other  a  white  iron.  If  the  roin- 
cjmla  art  properly  proportioned,  there  is  obtained  a  very  finely 
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mottled  gray  iron,  which  is  said  to  be  less  porous,  harder,  and 
more  tenacious  than  the  gray  iron  obtained  in  the  ordinary  way. 

Cast  iron  frequently  retains  a  portion  of  foreign  ingredients 
from  the  ore,  such  as  earths,  or  oxides  of  other  metals,  and  some- 
times sulphur  and  phosphorus,  which  are  all  injurious  to  its  qual- 
ity. Sulphur  hardens  the  iron,  and,  unless  in  a  very  small 
proportion,  destroys  its  tenacity. 

Testing. — ^Thcse  foreign  substances,  and  also  a  portion  of  the 
carbon,  are  separated  by  melting  the  iron  in  contact  with  air;  and 
soft  iron  is  thus  rendered  harder  and  stronger.  The  kind  of  iron 
most  suitable  for  casting  guns  should  be  ascertained  by  trial  in 
the  furnace  in  whichit  is  to  be  used ;  and  a  trial-gun  is  made  and 
tested  to  e:jtremity.  The  piece  adopted  for  this  proof,  is  a  long 
9-pdr.,  which  is  fired  with  the  following  series  of  charges,  and  is 
required  to  sustain  the  first  four  without  breaking. 

let  20  roundB,  8     lbs.  of  powder,     1  ball.     Without  wads. 

2d.  20      "  4.6     "  "  2  balls.  " 

8d.  10      "  4.5     "  "  8    " 

4th.      5       '•  9        "  "  6    "  "  *• 

5th.  —       «  18       "  "  13    " 

Samples  of  the  iron  are  also  taken  from  the  castings,  and 
tested  by  an  ingenious  machine  invented  by  Major  Wade,  in 
wliich  the  tenacity  of  the  iron  and  its  capacity  to  resist  compres- 
sion, a  bursting  force,  and  transverse  and  torsional  strains,  are 
all  measured  in  pounds. 

This  method  of  applying  the  strains  to  iron  can,  of  course, 
give  but  an  approximate  result  with  regard  to  the  strain  resulting 
from  the  use  of  powder  in  the  gun.  It  would  appear  that  a  burst- 
ing force,  where  a  steel  cone  is  forced  through  a  cylinder  of  the 
tested  metal,  ought  to  represent  more  nearly  than  any  of  the  oth- 
ers, tlie  real  action  of  powder  in  a  gun.  But  even  there,  the  force 
applied  is  by  a  steady,  regularly  increasing  pull,  whereas  the  force 
of  the  powder  acts  suddenly,  and,  as  it  were,  by  a  shock ;  so  that 
the  one  power  cannot  accurately  represent  the  other. 

The  nearest  approach  which  has  been  made  to  the  real  action 
of  powder  in  a  gun,  comes  to  us  from  one  of  the  European  arse- 
nals, where  very  slightly  conical  steel  punches  are  forced  into 
conical  openings  of  the  same  inclination  formed  in  small  cylin- 
drical specimens  by  the  action  of  a  given  weight  falling  from  a 
known  height. 
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I  AlxoTS. — AttemptB  have  boeu  frequently  made  to  improve  the 

Uty  of  coflt  iron  for  giins,  by  iiiixijig  with  it  foreign  metals  in 

^ule  proportions.     Copper,  tin,  lead,  and  manganese  have  thus 

1  tried,  but  with  no  favorable  rcenlts.     Tlie  affinities  of  iron, 

\,  fonuing  alloys,  arc  very  slight,  and  its  previous  combination 

1  carbon,  for  which  it  possesses  eo  powerful  an  affinity,  seems 

B  redace  tlie  former  to  so  low  a  jKiint  that  its  altoye  are  little  bet- 

t  tlian  hetemgeneoua  mixtures,  which  separate  un  cooling  after 

f  heated.* 

All  attvmitts,  too,  to  fomi  guns  compounded  of  different  met- 
i,  plactMl  unu  within  the  other,  with  tbc  idea  of  gaining  strength, 
»ve  hOcd.  lu  this  way  liores  of  ca&t  iron,  surrounded  with 
inga  or  jackets  of  bronze  op  wrought  iron,  to  obviate  the  interior 
i/decta  of  bronte,  and  strengthen  the  outside,  or  protect  it 
from  tbo  weather  by  a  better  nietal,  have  been  formed,  but  soon 
abundoned. 

WaocoHT  Ijeox,  &c. — Tlie  yielding  of  the  ball  when  a  piece  is 
Snnl,  ^v08  the  intlumed  gases  an  opportunity  to  expand,  and 
jircvtitits  tboir  effort  being  expended  upon  tbo  piece ;  but  for  this, 
*  pivco  made  of  nnyielding  material,  and  loaded  witli  a  tight- 
fining  h4ravy  projectile,  must  give  way  to  the  force  of  the  powder. 
If  a  piece  could  be  made  of  elastic  material  which,  yielding  to 
ibe  first  force  of  the  jKiwder  without  breaking,  would  give  time 
fur  H  suflicient  force  to  be  developed  to  expel  the  ball,  the  same 
hijorion^  uffet^tfi  upon  tlie  piece  would  not  result. 

Were  a  tube  of  gla»«  and  one  of  india-rubber  to  be  made  of 
the  same  etrength,  as  determined  by  tlic  ordinary*  metliods,  it  may 
bo  rrraiiily  imagined  how  much  more  easily  one  of  these  would 
fwl  fr\im  llie  explosion  of  a  charge  of  gunpowder  than  the  other, 
fn'm  lt»  utter  inability  to  yield  to  Uie  first  force  of  the  powder. 

In  the  niaiiiifacture  of  guns,  this  fact  was  early  appreciated, 
■su'i  i-3ort«  Wfn-  iitade  to  so  construct  tbcm  as  to  yield  a  eertutu 
mm.imt  111  the  force  of  the  powder.  It  is  mentionetl  that  guns 
wi'iT  uiailu  by  placing  over  each  other  tighlly-titting  layers  of 
leather;  but  such  pieces,  as  may  be  imagined,  did  not  long  retain 


*  Willi  a  ipiuJ  iWbI  «I nijrftcr}-, llid  pnxlticliiin  or*in>Ul  "  Infliilli'l;  ra[iiFrlnr  to 

■■tf'  {iir  li.  I  I  {<i'nr4,be0nfii)c]it]y  predictrJ  by  t  ttotot  Englmh  irHI«r.  Suclia 
-_a;  .  I  ..lin'  , ,  wirtmt,  conli]  not  long  n'roafo  a  *«cr«t.  It  U,  jirobahly,  ont  of 
'*-  k.t.rj'ii raiolvbiuti  UicKlmvv  of  nrtUlfry  alTdnli  m  maay  Inttanve*. 
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their  places  IvfvrL-  the  rai>iJly  Rdvanciiig  improvements  in  fire- 
annB. 

Up  to  the  proscnt  time,  iiiBtiperahlo  obstacles  have  prcBcntcd 
thcmsd  VC6  to  the  funimtiuii  of  cast-iron  ^uiie  of  a  larger  calibre 
tlian  10-iiicn.  Beyond  tlmt,  60  miuiy  defects  arc  IJabb  to  occur 
in  the  casting,  it  ia  not  coneidered  eafe  to  go;  tJiouf;h  witli 
nicirtnrsthe  calibre  haa  been  extended  to  IS-incii.  Ae,  »o  far,  all 
attempts  to  make  casting  larger  tlian  this  have  faOed,  attention 
Iiae  uattxrally  been  directed  to  wrouglit  iron,  with  tlio  hope  of 
inereabiiig  tJie  calibre. 

Modem  artillery  is  here  referred  to ;  for  in  the  cnn^trnction  of 
ancient  artillerj'  the  reverse  of  this  process  seema  to  have  bt-en 
adopted,  and  tlie  wrought  iron  tried  first,  or  at  least  cotcmporary 
with  the  cast.  These  ancient  ^licces,  sonic  of  them  as  lai;gfr 
as  23  inches  in  calibre,  were  made  of  longitudinal  bars,  hooped 
round  with  heavy  wronght  iron,  ahrniUc  on  while  hot.  Witb 
tliesc  pieces,  however,  were  used  stone  balls  and  the  6li>w-bnm- 
ing,  luigrainod  powder  of  early  times,  whicli  did  not  require  the 
same  amount  of  rueietancG  as  iron  ballit  aiid  graine<)  pou'dor. 
The  carriagM  toi>,  from  which  they  were  fired,  were  vcrj-  dtflin^ 
cot  iVom  those  now  in  use;  and  the  picec»  being  without  tninniuus, 
the  recoil  was  transmitted  directly  to  the  breech,  which  probahlj 
increased  considerably  tlie  I'esistance  and  endurance  of  the 
pieces. 

The  great  objuction  to  wrought-iron  guns,  cspocialty  thoee  ut 
lirgv  size,  is  the  great  difficulty  of  forming  a  perfect  weld  bo- 
Ivoen  the  [nirts,  the  uffocL  of  the  blow  dvcrentiiig  very  rajiidly  u 
the  distance  from  the  point  struck  increases.  Tlits  imperfect 
welding,  be«ide«  ennning  weak  points  in  the  piece,  which  ato 
constantly  made  weaker  by  wrviec,  allows  the  penetnitjon  of 
moisture,  cansing  oxidation  which  is  rapidly  deitnictivo  lo  the 
met«l. 

Wroaglit-iron  pieces  *re  usually  made  by  placing  together,  fai 
tbv  form  of  a  faggot,  a  numbur  of  bars  of  the  met&l,  wluch  w 
then  welded  together  tmdor  a  heavy  hammer,  other  U&n  being 
addol  as  tJie  welding  progrf»«is*,  until  the  pnjper  size  is  rcachod. 
During  this  time,  tho  inastt  of  iron  hait  to  be  kept  uiort)  or  lev 
heatctl.  KN|>crimcnt«  made  »n  the  metal  taken  from  the  gan, 
and  coTO[iared  witii  those  made  on  tlie  metal  before  forging,  provtt 
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I  tbst  tliu  tiiethud  of  iiuuiafu.-titrv  u  liiglily  iojnriuns  tu  tlie  etrcngth 
of  the  iron. 

Id  thi!  niuiafurturc  <if  tfao  "  Pvaromnkor,"  tbc  bimtiii(;  of 
wbiob  on  hoard  of  tlio  stvamor  Priacctun  In  1M3,  «-u  eo  disaa- 
tnnutii  thi- coantTj,  tliu  tlfovo  i>l«a  vu  pnreuo);  nntl  ftltlmagli 
the  tnctftl  Iff  wliicti  tlie  i>if«c  wu  iitsfJe  wu  not  nf  Uiv  liuat 
ijoftlitj,  it  wu  fonni)  tu  hare  dccrewcd  in  strength,  from  iliv  in- 
leiiw  hmt  aji[>tied  in  forjripg  it,  f^'im  46.950  lb§.  Ut  the  fjuMV 
iitcli,  to  ri-t.rtBf!,  i>r  ninre  than  13,000  lU. 

Buch  m  ruiilt  oDiriit  alimc  to  l>v  conclusive  cii'Icnro  ui^aintt 
the  practicabilitjr  of  making  vronght-iron  gun*  of  lar^r  ' 
by  wi-)(Iing  in  u  maco.     For  Kmnll  calibres,  the  cam;  !■  imi 
mod  picccf  have  hecn  made  giving  rccnlu  which  woul<I  ' 

lew!  tout  i)]ipcwilc  rnndtuioD.  But  fnitn  the  foirt  thai  the  \-ttu- 
dpal  jiowcrs  of  Eur-ii><.<,  where  thwo  <.'X[>iTin]cntB  have  Itron  nio/Ie, 
•till  retain  hnmzc  aa  thu  mfial  fur  thctr  ficltl-picvce,  it  wunlil 
■ifiii  tliat  tlie  (jnwtion  i«  fur  fntni  )>c{nf;  decided  lu  favor  of  the 
wrooglil  irun.  It  i*  ttatod  that  n  ]2-|<<lr.  ulci'I  gun  Iim  hvt-n  madv 
in  Fnuu;c  which  ha«  ticvn  fired  niaro  than  3,<*00  time*,  witbout 
•luimiig  u\y  aigna  of  injury,  cioi>|»t  an  cnkrgemcnt  of  the  vent, 
aid  that  &t\vr  luiaching  it  with  cupiicr,  thv  firing  wu  to  he  con* 
tiaiMd. 

Hiiw  ia  it  that  anciuiil  canmm,  Kimu  of  which  arv  iif  intiucoH! 
MfiUrc,  and  inado  of  wrought  iron,  hate  ahovn  luch  ftrvncth. 

iMted  «nrh  a  hmi^tli  of  time,  and  nowpmcnt  an  r.y  -    

Amu  tliuK  dof«.-l»  wliidi  art-  dated  lu  charac1>  i 
tialt    Tlic  ruw-n  i*,  ttiat  lhv*c-  pina,  in>tiiMl  <<: 
I,  like  the  "  I'carcinattr,"'  win   '    "'' 
J  wrrmglit-iron  l>ar«,  Wvtieil  an-i 
•  ■mall  RTTionnt  of  hcut  anil  wi'Idin^-  : 

tU»  1.  ■"  ■.'^■^o  driven  heavy  ru.}.--.  fti'i^Iinl  «l.iir  Imt, 

■B<1  •  <  -n. 

^   ■  ..f  rf^nw,  (-p  Unfile  In  tIjc  ntTarVr  j-.f  ni?t; 

boi  : 


^med  of  a  niniil>cr  of  aefr 
•1  for  ntv,  fiwn)  thv  ym'i. 
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their  places  before  the  rajjidlv  advancinjr  imi)rovements  in  fire- 
anna. 

Up  to  the  present  titoo,  insiiporablo  cibiitacles  have  presented 
tlieinselves  to  the  formation  of  cast-iron  guns  of  a  larger  calibre 
than  10-incTi.  Beyond  that,  so  many  dufwia  are  liable  to  oct-or 
iu  the  cutting,  it  is  not  coasidcrcd  safe  to  i^u;  tliough  with 
mortars  the  calibre  has  been  exteiidixl  to  l^^inch.  A»,  so  fu*,  all 
attempts  to  make  caalinge  larger  than  this  have  failed,  atteutiui 
has  naturally  been  directed  to  wrought  iron,  witli  the  hope  of 
increasing  tJio  calibre. 

Modem  artillery  is  here  referred  to  ;  fur  in  the  cutistructlon  of 
ancient  artillL-ry  the  reverse  of  this  process  seems  to  have  been 
adopt«d,  and  tlic  wrought  iron  tried  first,  or  at  least  cotempor«ry 
widi  the  east.  Tliesc  ancient  pieces,  some  of  them  as  Ur|r& 
OS  33  indies  in  calibre,  were  made  of  longitudinal  bars,  hiwpcd 
round  with  heavy  wrought  iron,  ahrnnk  on  while  hot.  With 
tliesc  pieces,  however,  were  used  stone  halls  and  the  slow-bam- 
ing,  iingrained  powder  of  early  times,  wliich  did  not  re(|uire  the 
same  auinnnt  of  resistance  as  iron  balls  and  groined  powder. 
TIic  carriages  too,  from  which  they  were  iircd,  were  very  differ- 
ent from  those  now  in  use;  and  the  pieces  being  without  Imnnionf, 
tiic  recoil  was  tninsinittcd  directly  to  the  breech,  which  probably 
increased  considerably  the  resistance  and  endurnnee  of  tbo 
pieces. 

The  great  objection  to  wronght-iron  guns,  os:|>ccially  those  of 
large  size,  is  the  great  difficulty  of  forming  a  perfect  weld  be- 
tween the  parts,  the  effect  of  the  blow  decreasing  very  rapidly  ac 
tbc  ilistonce  from  the  point  struck  increasif>.  This  impcrfeot 
welding,  bueidcj  caiiKing  Weak  {Hjirits  in  the  jiicce,  which  oro 
constantly  made  wi^aker  by  service,  allows  the  penetraticrn  of 
Hioistarc,  nansing  oxidation  which  is  rapidly  destrnctive  to  Ibfl 
metal. 

Wmught-iron  pieces  are  usually  made  by  placing  togetlior,  io 
the  form  of  a  fa^ot,  n  nnmber  of  bars  of  the  melal,  whleh  tn 
then  welded  t^tgether  lunlcr  a  heavy  hammer,  otlier  bare  l>eifip 
addetl  as  the  welding  progre«se«,  until  the  projter  euo  is  reached. 
During  this  time,  Urn  mass  of  iron  has  to  be  kept  tnoru  ur  Iota 
heated.  Experiments  made  on  the  mi-Ial  taken  from  the  gun, 
A&d  com[uirod  witli  tliiiae  mft<le  on  the  metal  bvfon;  forging,  pture 
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I  ikik  this  methud  tj4  mnnufutun)  ia  highly  injonons  to  the  strength 
of  the  ircti. 

In  Uu.-  niuiufACtnro  of  ttifl  "  pLitvcmnlEor,"  thv  limiting  of 
whioh  on  bo«rO  uf  t)>ti  tteuncr  Princctuti  in  imS,  was  »o  di»as- 
tmoi  til  thv  conntrj',  tliv  hIkivb  j>l»n  wu  imrRUod  ;  An<1  alrbnu);;!! 
the  moUl  of  whicli  tlic  pit-ct;  wu  tnaiJe  wu  not  of  t)iv  bust 
qniJit;'.  ll  wu  fonni)  to  hare  dccnwwcl  in  atrcii^li,  from  t)iu  in- 
tenw  heat  apfilied  in  tor^a^  it,  trnm  40.950  Uw.  to  thv  uiuarc 
indi,  to  :)3,:>^6,  or  more  than  1:^,000  llw. 

Soch  a  reiult  oD^ht  atone  to  lie  oondoaivo  cviilcncv  against 
the  {inu-ticaliilit;  of  niakin;^  wrougltt-iron  g^n»  of  lui^  ralilirc, 
by  vdilin);  in  a  mau.  For  Eniull  colibreat,  tbc  com  if  not  »o  clcv. 
ukI  plMx-fi  have  ham  made  giving  molts  which  would  «<-ein  to 
hsd  to  an  oppofiilv  Rnnrluaiun.  Bat  fnim  tlic  foot  that  Htv  priu- 
dptl  iKiwcrs  (if  Europe,  where  thcw  fX|>*Tini«ii!e  have  \hxu  made, 
•tfll  retain  hmniv  a*  the  mvtal  for  thtrir  ilcld-piccf«,  it  wnold 
•Mm  that  tiic  (|UC«tio»  it  (kr  from  being  docidoff  in  favor  of  tJie 
vronj{bt  iron.  It  is  ttnlvii  that  a  IS-jMir.  ttevl  gun  haa  hucn  made 
in  Fnuive  wliich  has  been  fired  miirc  than  2,l(0)>  timet,  witfaoat 
dxnrhig  anr  nRni  of  injury,  excvpl  an  cnlarf^nicnt  of  the  vent, 
ami  that  aflvr  booching  it  with  copj>cr,  tbv  firioi^  wu  to  1>c  coa- 
ttamd. 

Uiiw  i>  it  that  ancient  cannon,  ntmc  of  which  an*  ttf  iminente 
••librft.  and  made  of  wrooght  iron,  have  aJiown  luch  rircntrth, 
ittitfr^:  -■'■-'-  -■'  f  time,  and  miw  prwent  an  aprK-aranri  =  fr.  ■ 
(W»!<  ii  are  ttalvd  a»  cbaracttfiftici  of'! 

mi  r  t!,at  th(*»iC  ^n«^  fiik(>i>d  ••(  l^-ini*  T 
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tluU  thU  metbod  of  mannfactnre  is  highly  injurioue  to  tlic  etrciigtli 
..f  llie  iron. 

In  the  manofactnrG  of  tlie  "Peacemaker,''  tlie  bursting  t>f 
'Tbich  on  board  of  the  eteamer  Princoton  in  1843,  was  so  dieas- 
irotts  to  tbo  couutrj,  tbe  above  plan  was  puniued  ;  and  altbongh 
the  metal  of  wLicIi  tbe  piece  was  made  was  not  of  the  beet 
qa&litj,  it  was  funnd  to  have  decreased  in  atrciigtb,  from  tbe  in- 
tcuM  Iicat  applied  in  forging  it,  &om  46.950  Ibe.  to  tbo  Bquarc 
ttwfa,  lu  33,586,  or  more  than  13,000  lbs. 

Such  a  rceidt  ought  alone  to  he  conclnsivc  evidence  against 
tbe  i»rftcticability  of  making  wrought-iron  gnne  of  large  calibre, 
by  welding  in  a  mass.  For  small  calibres,  the  caee  is  not  bo  clear, 
and  piece*  have  been  made  giving  results  which  would  seem  to 
lend  til  au  opposite  conclusion.  But  from  tlie  fact  that  tlic  prin- 
cipal  iHiwers  of  Europe,  wliere  these  experiments  have  been  made, 
rtill  retain  bronze  as  tbe  metal  for  tlieir  field-pieces,  it  would 
«eni  that  the  queetion  i&  far  from  being  decided  in  favor  of  the 
vrtm^bt  iron.  It  is  stated  that  a  12-pdr.  steel  gun  lias  been  made 
in  Franc*  vrhtcb  has  been  Jired  more  than  i,0(K\  times,  without 
thuwing  any  signs  of  injury,  except  an  enlargement  of  tlie  vent, 
uwi  lliHt  after  Iioucbing  it  with  copper,  tlie  firing  was  to  be  con- 
tinuMl. 

How  le  it  tliat  ancient  cannon,  some  of  which  arc  of  immense 
c«Ubrv,  and  made  of  wrought  iron,  have  shown  such  strength, 
Iwied  »ucli  a  length  of  time,  and  now  present  an  apjiearancc  so  free 
from  thoae  defects  which  are  stated  as  characteristics  of  t)ic  mate-  - 
rial!  The  rca£on  is,  that  these  guns,  instead  of  being  forged  in 
one  mas&,  like  Uic  "  Peacemaker."  were  hvUt  up  usually  of  longi- 
indTn:»l  wp>ugbt-iron  bars,  beveled  and  fitted  at  the  edges;  only 
ii  Fiiiiill  amount  of  lieat  and  welding  force  being  applied.  On 
tlii*  h'-lhiw  cylinder  were  driveii  heavy  rings,  applied  when  hot, 
an^l  shrank  into  po«ition. 

Sneh  pievcH  would,  of  cotiree,  be  liable  to  the  altacka  of  rust; 
l>i(t  the  joint«  ap|icar  to  bo  remarkably  well  fitted,  ami  on  cxaui- 
iiiiifl'Si,  arc  fiiund  to  be  filled  with  nist,  converted,  by  time,  into 
•■!-\  ^r  illine  hematite,  as  hard  as  the  iron  itself,  the  whole  preecQt- 
itig  ilt*i  appearance  of  one  solid  moss. 

Otbcn  of  tbcw  ancient  pieces  are  formed  of  a  number  of  scg- 
iui!iit«,  which,  put  togctlicr  wlicn  required  for  use,  form  the  piece, 
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and  wliicli  can  be  taken  apart  for  the  purposes  of  transportation, 
&c.  Tlie  carriage  for  such  pieces  was  simply  a  large  wooden 
trough,  in  which  tlie  piece  was  laid,  abuting  at  the  breech  against 
a  solid  structure  which  received  the  recoil,  tlie  force  of  which  was 
sometimes  lessened  by  tlie  interposition  of  a  pad  or  cushion  ;  and 
in  case  of  trunnions  being  dispensed  with  on  modem  cannon, 
this  arrangement  might  furnish  a  useful  hint  for  forming  a  struc- 
ture by  which  the  recoil  of  the  piece  might  be  almost  entirely 
overcome,  by  bringing  into  play  the  elastic  force  of  material. 
This  method  of  receiving  the  recoil,  is  of  much  more  importance 
with  these  built-ttp  guns  than  with  any  other,  as  the  constant 
tendency  of  the  forces  exerted  on  a  gun  mounted  in  the  ordinary 
way  would  be  to  separate  the  rings  and  parts,  and  this  in  a  much 
greater  degree  than  where  the  recoil  is  all  transmitted  directly  to 
the  breech. 

Mallet's  Moetak. — On  a  principle  somewhat  similar  to  this 
last  one,  Mr.  Mallet  has  constructed  his  monster  mortar,  which 
has  a  calibre  of  one  yard. 

It  consists  of  an  immense  breech  of  cast  iron,  into  which  is 
let  a  wrought-iron  chamber ;  of  a  chase  which  consists  of  three 
large  rings,  all  built  up  of  smaller  ones  of  wrought  iron,  rabet- 
ted  into  each  other.  Tliese  rings,  jointed  together,  fit  on  top 
of  the  breech,  and  are  strengthened  and  held  firmly  together 
and  to  the  breech  by  six  wrought-iron  staves,  which  run  along 
the  outside  of  the  rings  and,  passing  through  openings  in  the 
muzzle  ring,  and  a  projecting  ring  on  the  cast-iron  breech,  con- 
nect the  whole  system  together.  Tlie  binding  power  of  these 
staves  is  regulated  by  quoin-like  wedges  driven  through  the  ends 
of  the  staves  beneath  the  projecting  breech-ring,  thus  tightening 
the  longitudinal  binders  by  a  blow,  when  necessary. 

This  immense  structure,  with  its  bed,  weighs  about  fifty  tons, 
and  carries  a  shell  weighing  some  twenty-five  cwt.  It  .is  said  to 
have  cost  $40,000,  and  is  denominated  by  a  recent  English  writer 
"  a  monster  failure ;"  though,  judging  from  the  fact  that  they  are 
now  engaged  in  making  experiments  with  the  piece  at  Woolwich, 
and  from  the  description  given  of  its  execution  by  one  of  our  offi- 
cers who  saw  it  fired,  this  condemnation  appears  to  be  premature. 
There  can  be  no  question  of  the  immense  execution  attending 
the  fall  of  such  a  mass  of  metal,  and  tlie  explosion  of  its  charge  of 


tlAxe  <.4ft0  lb».) ;  and  eliould  tlie  present  experimente  determine 

Sivurably  tlie  practical  que&tione  involved,  the  effect  upon  the 

■nt  ayatcm  of  engineering  nitist  Ije  very  great.    No  bomb- 

lijruof  ehelter  or  masonry  vault,  as  now  constructed,  would  be 

my  protection  against  siicti  ehells. 

Military-  men,  hoiiever,  may  well  be  incredulous  witli  regard 
>  the  practical  success  uf  such  a  gystem  of  luortars.  It  is  true 
t  sni:h  a  piece  at  Sebaslopol,  wken  tmcc  estahll^hed  in  position, 
night  liavo  materially  sliortencd  that  memorable  siege,  by  the 
derastatinf;  effects  of  a  few  of  Its  sbelU.  But  such  eiegcs  as  that 
'  du  utrt  often  take  place ;  and  it  may  be  considered  as  questionable 
■  U)c  great  majority  of  those  which  do  occur,  if  a  piece  of  thi8 
I  bnd.  taking  all  tilings  into  coneideration — the  transportation,  eet- 
thxp  up  of  the  piece,  its  slow  firing,  &c. — could  not  better  be 
repUced  by  a  number  of  smaller  pieces,  the  rapidity  of  firing  of 
wliicli  is  much  greater,  and  the  ])oints  stnick  much  more  numer- 

OBI. 

BxoNZE,  or  braes,  for  cannon,  is  made  of  lOO  parts  of  copper 
and  about  10  of  tin  ;  a  variation  of  1  part  of  tin,  more  or  Ices, 
bciuf*  allowed.  Bronze  is  more  fusible  than  copper,  much  leaa  eo 
tfaan  tin.  It  i»  more  sonorous,  harder,  and  lesa  siiseeptible  uf  oxi- 
datiiiQ,  tliaii  citlier  copper  or  tin  ;  less  ductile  than  copper,  more 
io  ttiAn  tin.  It  in  harder  tlian  either.  Its  fracture  is  of  a  yellow- 
i^  color,  with  little  luster ;  a  coarse  grain,  irrejfnlar,  and  often 
exhibiting  fi|>ots  of  tin  of  a  niiitisli  color,  which  indicate  defects 
in  the  metal.  Tlio  specific  gravity  of  bronze  is  about  S.TOO,  which 
ic  greater  tlian  tlto  mean  of  tlio  sjtccific  gravities  of  copper  and 
tin. 

Cornut.  when  puri',  is  of  a  red  color,  inclining  to  yellow,  and 
bM  a  Sttf  metallic  lustre.  Its  fracture  exhibits  a  short,  even, 
r-Iuee  grain.  >j'(  a  silky  Hi>pcanuicc.  Copiier  is  very  duotilc  and 
n.;.lli -rtbie.  TLw  greater  ihc  purity  of  il,  the  more  malleable  it 
I  '-!•;»,  and  tJie  finer  it«  grain.  It  hue  a  specific  gravity  of  from 
-  '^"»  tr.  9.rt>, 

Tin,  wh(!it  pare,  ii>  of  a  white  color,  a  little  darker  than  silver. 
It  if  mancablc,  but  not  very  ductile,  tljougli  it  can  be  rolled  into 
■lievla.  It  is  very  lioft ;  and,  when  bent  backward  and  forward, 
^vcfi  a  peculiar  crackling  sound,  the  distinctuess  of  whicli  'm  in 
pt^ipurtioo  to  the  jmrity  of  the  inetal.  Sjioeinc  gravity,  from 
TilKi  (..  7M-.'>i, 


■■■  ■  \" 

■:l^u,  ]»ut  !•>  parts  (say  I'm  irraiiis) 

•   ...*.  LXiMSo  niatrasSj  with  S«»  part?  of 

.■-     LV'iiuiiiL-'s  livdromcter  ;  heat  it-irra- 

:iuc  the  beat  until  red  vapors  eea?e 

.    .  -syt-lves  the  copper,  and  converts  the 

^  iv.     l-L't  it  settle  ;  pour  off  the  liquid, 

:       aris  «.>t'  nitric  «acid,  and  let  it  boil  ten 

:  .  .:  Lit;ain,  and  repeat  the  same  operation ; 

.   . .  ^.  .1- iU"d  with  two  or  three  times  its  volume 

ip  iii;Ii  a  tilter.     Do  tlie  same  with  the 

..  iL>.     I'laco  the  oxide  of  tin  on  a  double 

•\  \\\\:\\  are  espial,  wfishing  it  until  the  water 

•,.;<.  1-  -cives  a  blue  color  when  heatetl  with 

. ;  viuiiii;*.'  the  color  of  litmus  paper.     Spread 

.  v!  iliv  it  iierfectly  in  a  stove  or  sand  bath. 

:v      \u-rior  filter  to  the  weights,  which  will 

■viovidi*  of  tin  which  remains  on  the  upper 

•  vii'xid*.'  give  Km)  parts  of  pure  tin. 

..:aiji>  U'ad,  it  will  be  dissolved  by  the  acid. 

..::i;iie  of  soda  after  the  solution  is  cool,  in 

.1.'  U'iul  in  the  state  of  an  insoluble  sulphate, 

»iif;ijii  iMO  of  lead. 

'    ;-.  a  ^ulirular  fact  that  the  ancient  composi- 

:.  'lu'  rase  of  gunpowder,  has  remained  almost 

:'iVMiit  dav  :  and  the  metal  from  cannon  is 

■douiii-al  in  the  i)roportions  of  copper  and  tin 

■osis  of  Scandinavian,  Celtic,  Egyptian,  Greek, 

.   ,  ..iiv.     It   has   never  l)een  satisfactorilv  demon- 

. . .,  ui  in  the  case  of  powder,  that  this  composition 

a:i  he  formetl  from  the  two  metals  fur  the  manu- 

b'vT,  strange  as  it  may  appear,  it  is  asserted  l)y 

.  ;  V .    i  M'  hundred  vears'  liabitual  use  of  the  material, 

. .  .V-..  ol"  systematized  and  accurate  experiments  on 

v;vini's  i»f  gun-metal  has  been  undertaken;  and 

.    . :  ...  1  ^  entirely  l)eyond  the  reach  of  private  means, 

•I  v'v»u»merce,  and  can  l)e  carried  on  to  successful 

V    \  iv'.iulls  iuily  as  a  national  imdertaking. 

.    sA  I  ill  in  bronze  varies  in  different  countries  from 

„  i .  'o  loo  of  c(»pper  :  12.5  parts  are  used  in  this  coun- 

.  t*AsiMoe  1 1  parts  is  fixed  by  law  as  the  proper  amount. 


BROKZE- 


As  with  many  other  metallic  alloys,  tlie  coniliination  between 
tht>  two  metals  in  bronze  is  ao  imperlect,  that  very  slight  forces 
wv-  raflicicut  ly  caiiBC  its  separation  into  two  or  more  different 
idiuviv,  which,  on  cooling,  are  found  to  occupy  different  portions 
*>f  the  masfi.  In  casting  a  gun,  for  example,  the  outside  which 
eoolfi  tirst  has  a  constitution  diiFerent  from  that  assignod  hj  tlie 
proportioDB  of  the  metals,  as  fixed  for  fusion.  The  interior,  which 
oouU  last,  hu  another  different  from  botii,  and  always  richer  in 
tiu.  On  hcing  examined  after  coolijig,  portions  at  different  heights 
itn  found  to  differ  from  each  other ;  and  this  difference  varies 
itliMi^  tiiv  exterior  and  interior  portions,  so  that  no  two  adjacent 
pi>nioD£  have  strictly  the  same  chemical  constitution  ;  the  maxi- 
mani  of  copper  being  found  in  tbe  exterior  and  breech  of  the 
gaa,  making  tlicsc  portions  less  flexible,  and  the  maximnm  of  tin 
io  tbu  interior  and  higher  parts. 

Specimens  taken  from  tbe  top  and  bottom  of  the  casting,  show 
»Uo  i  very  great  difference  in  density  and  tenacity ;  the  density 
al  tlie  breech  being  much  greater,  and  the  tenacity,  in  one  instance 
eite>l,  more  than  double.  Tlie  dead  head,  in  consequence  of  these 
bct^,  is  mode  much  longer  in  easting  hrooze  gnne  tlion  is  other 
wiic  necciwary. 

It  is  found,  tliat  the  constitution  of  the  alloys  changes  not 
only  in  cooling,  hut  in  melting,  by  the  reduction  of  the  quantity 
uf  tin,  vhicli  oxidizes  much  faster  than  the  copper ;  and  this  takes 
place  at  such  a  rate  that  after  six  snccessivc  meltings  the  amonnt 
uf  tin  is  reduced  one  half. 

The  alloy  used  In  Franco  appcsi%  to  result  after  cooling  into 
one  murv  nearly  cuiaeidetit  with  the  atomic  constitution,  the  small 
iaci:4»  of  tin  being  oxidized  during  the  process  of  melting,  and 
leaving  tbe  «olid  metal  almost  precisely  in  accordance  with  the 
atiimic  theory  (17  Cu  +  S  X).  This  mure  staple  alloy  is  therefore 
ctnuidercd  the  preferable  one. 

Cooling. — Vor}'  rapid  cooling  la  considered  most  advantageous 
fur  broiuc  piucca  ;  and  us  tlic  cooling  will  be  slower  in  proportion 
M  tlie  tcmjtcrHtunj  of  the  metal  when  poured  into  tlie  mould  is 
bigbcr,  it  reftults  tliat,  the  lower  the  temperature  at  which  tlie 
metal  remains  lufficiently  fluid  to  till  the  mould  perfectly,  tlie 
better  will  be  the  gun  when  cast. 

Gon  metal,  when  suddenly  cooled,  as  when  the  red-hot  metal 
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is  plunged  into  cold  water,  is  rendered  softer,  tougher,  and  more 
malleable.  The  more  quickly,  then,  a  gun  is  cooled  the  better ;  and 
it  has  been  proposed  to  employ  iron  moulds  of  nearly  the  true 
dimensions  of  the  gun  in  place  of  the  ordinary  composition,  thuB 
producing  a  casting  more  nearly  of  tlie  exact  size  required,  econ- 
omizing in  metal,  and  reducing  the  expense  and  time  in  turning 
down  tlie  exterior  surface. 

By  this  method,  too,  a  greater  amount  of  pressure  could  be 
given  by  increasing  the  height  of  the  "  dead  head,"  which  is  found 
very  materially  to  increase  the  density  and  other  good'  qualities  of 
the  gun. 

Major  Wade  suggests  that  the  iron  moulds  be  lined  with  a 
thin  layer  of  clay  or  other  suitable  material,  and  that  a  free  circu- 
lation of  air  be  kept  up  around  the  mould.  As  this  method  of 
rapid  cooling  would  soon  cause  a  large  difference  of  temperature 
between  the  exterior  and  interior  portions,  resulting  in  cavities  in 
the  interior,  a  division  in  the  alloys,  and  a  want  of  homogeneous- 
ness  in  the  mass  of  the  casting,  he  suggests  the  application  of 
Rodman's  method  of  hollow  casting  and  cooling  by  water,  by 
which  an  equality  of  temperature  in  all  parts  may  be  maintained. 
Tlie  core  to  be  so  arranged  as  to  discharge  the  water  horizontally 
near  the  lower  part  of  the  dead  head,  so  that  the  latter  will  be 
unaffected  by  the  flow  of  water,  leaving  it  liquid  metal,  which  by 
its  own  gravitation  will  supply  the  void  spaces  created  by  the 
contraction  of  the  solid. 

Re-heating  the  solid  soon  after  it  is  formed,  and  then  cooling 
slowly,  is  found  to  greatly  improve  the  tenacity  of  the  metal ;  and 
Major  Wade  therefore  suggests,  that  as  soon  as  the  gun  has 
become  solid  the  flow  of  water  should  be  stopped,  and  the  free 
circulation  of  air  interrupted  by  covering  over  tightly  the  casting 
pit. 

Tenacity. — In  testing  the  tenacity  of  bronze  taken  from  tlie 
(lead-lieads  of  guns,  near  the  junction  with  the  muzzle,  it  is  found 
that  the  tenacity  of  those  samples  of  which  the  planes  of  fracture 
passed  through  the  axis  of  the  gun,  was  much  greater  than  in 
thoi^e  lu  which  the  planes  were  perpendicular  to  the  axis  or  paral- 
lel tu  the  face  of  the  muzzle,  although  the  densities  of  both  were 
about  the  same.  The  cause  of  this  is  not  explained,  though  prob- 
ably a  result  of  the  same  general  law  regarding  the  formation  of 
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[TiiaVs  as  laid  down  by  Mallet  for  cast-iron,  and  most  oilier  crye- 
line  t>odic6.  Tlie  LTyetaU  being  formed  noniial  to  tlie  cooling 
irtaee  are  more  diffitalt  to  fracture  by  a  force  acting  in  the 
.rection  of   tlicir  ^xes  tlian  by  one  acting   perpendicular  to 

■  *  'Rtc  principal  injuries  to  whicb  bronze  gims  arc  subject  in 
e  being  tlie  indentations  formed  In  tlie  bore,  rather  than  any 
int  of  tenacity  or  endurance  in  the  metal  itself,  the  relative 
B  of  diflorent  alloys  to  resist  a  force  of  compression  is  a 
r  of  the  greatest  importance,  and  ehonld  be  the  subject  of 
live  invetttigutiun ;  which  is  accordingly  recommended  by 
Uor  Wftdc. 


SIATERIAI-^  FOR  CARRIAGES.  mPLElIE?NTS,  &c. 


T  I  M  B  K  R  . 

The  kiniia  of  wood  principally  used  in  ordnance  conBtructione 
fcre  llu*  following : — 

WnriE  Oak. — ^Tlie  bark  is  white,  the  leaf  long,  narrow,  and 
deeply  indented  ;  the  wood  is  of  a  straw  color  with  a  somewhat 
rcldifih  tinge,  tongh  and  pliable.  It  is  the  principal  timber  em- 
ploywl  for  all  kinds  of  artillery  carriages. 

WttTTE  BEtx-H — RfOi  BEEcn — are  tlie  must  suitable  for  fuses 
aod  inalk-t«;  also  for  plane-etocks  and  various  other  tools. 

White  Aat.  is  Btraight-graini'<l.  tongh,  and  climtie,  and  Is 
Uuirvforc  enjtubic  fur  light  carriagc-sliaftg ;  in  artillery,  it  is  used 
cbii'Hy  for  t^pongc  and  rammer  staves  ;  sometimes  for  liundepikes, 
uid  for  KMlv'ta  and  toolOinndles. 

Ei^  ill  welt-suited  for  fellies  and  for  small  naves. 

IIkvort,  is  very  tough  and  flexible;  the  most  suitable  wood 
for  handfipikes  and  tool-handle^  and  for  wooden  axlutrccs. 

Black  Wausct,  is  hard  and  fine-grained  ;  it  is  ttometiinoa 
for  navL>^,  and  the  plank  for  ammunition  boxes ;  it  is  used 
injly  for  the  stM^ks  of  sinail-anns. 

WuiTK  PofLAB,  OK  TcLn-  Trkb,  18  a  soft,  light,  fine-grained 
««>d,  which  grows  lo  a  great  size ;  it  is  used  for  Habots,  cartridge 
htock*.  &c.,  and  for  tlio  lining  of  ammunition  boxes. 


for  ban 
^_      Bli 

^      Wu 
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White  Pine,  is  used  for  arm-chests  and  packing-boxes  gener- 
ally, and  for  building  purposes. 

Cypress,  is  a  soft,  liglit,  straight-grained  wood,  which  grows 
to  a  very  large  size.  On  account  of  the  diflculty  of  procuring 
oak  of  suitable  kind  in  the  Southern  States,  cypress  has  been 
sometimes  used  for  sea-coast  and  garrison  carriages.  It  resists, 
better  than  oak,  the  alternate  action  of  heat  and  moisture,  to 
which  sea-coast  carriages  are  particularly  exposed  in  casemates; 
but,  being  of  inferior  strength,  a  larger  scantling  of  cypress  than 
of  oak  is  required  for  the  same  purpose ;  and  on  accoimt  of  its 
softness,  it  does  not  resist  sufficiently  the  friction  and  shocks  to 
which  such  carriages  are  liable. 

Bass- Wood,  or  American  Lime,  is  very  light,  not  easily  split, 
and  is  excellent  for  sabots  and  cartridge  blocks. 

Dog- Wood,  is  firm  and  hard-grained,  suitable  for  mallets, 
drifts,  &c. 

SELECTION   OF   STANDING  TRKK9. 

Tlie  principal  circumstances  which  affect  the  quality  of  grow- 
ing trees  are  soil,  climate^  and  aspect. 

Soil. — In  a  moist  soil,  the  wood  is  less  firm,  and  decays  sooner, 
than  in  a  dry,  sandy  soil ;  but  in  the  latter  the  timber  is  seldom 
fine :  the  best  is  that  which  grows  in  a  dark  soil  mixed  with 
stones  and  gravel.  This  remark  does  not  apply  to  the  poplar, 
willow,  cypress,  and  other  light  woods,  which  grow  best  in  wet 
situations. 

LocAUTY. — In  the  United  States,  the  climate  of  the  Northern 
and  Middle  States  is  most  favorable  to  the  growth  of  the  timber 
used  for  ordnance  purposes,  except  the  cypress. 

Trees  growing  in  the  center  of  a  forest,  or  on  a  plain,  arc  gen- 
erally straighter  and  freer  from  limbs  than  those  growing  on  the 
edge  of  the  forest,  in  open  ground,  or  on  the  sides  of  hills ;  but  the 
former  are  at  the  same  time  less  hard.  The  aspect  most  sheltered 
from  the  prevalent  winds,  is  generally  most  favorable  to  the 
growth  of  timber.  The  vicinity  of  salt-water  is  favorable  to  the 
strength  and  hardness  of  white  oak. 

Time. — ^The  selection  of  timber  trees  should  be  made  before 
the  fall  of  the  leaf.  A  healthy  tree  is  indicated  by  the  top 
branches  being  vigorous  and  well  covered  with  leaves ;  the  bark 
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ii  clear,  tonootli,  and  of  r  imiform  color.  If  tlie  top  lias  a  regular. 
r>mnd»?cV  fonn  ;  if  die  bark  is  dull,  scabby,  and  covered  with  white 
:^-.A  rt<,l  epote,  caused  by  riuming  water  or  sap,  the  tree  is  un- 
wind- The  Jocay  of  the  uppermost  branchee,  and  the  Beparation 
ii  the  bark  from  the  wood,  are  infallible  sigiis  of  the  decline  of 
the  true 
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Time. — ^Tho  most  suitable  season  for  felling  timber  is  that  in 
which  vegetation  la  at  rest,  which  is  the  ease  in  midwmter  and  in 
midsammcr.  Kecent  experiments  incline  to  give  preference  to 
the  latter  HCMBon,  say  the  month  of  July ;  hut  the  usual  practice 
it  t-j  fell  trees  for  timber  between  the  first  of  December  and  the 
_  middlo  of  March. 

The  tree  should  be  allowed  to  obtain  its  full  maturity  before 
[being  felled ;  tliis  period  in  oak  timber  is  generally  at  the  age  of 
1  eeri-enty-fivc  to  one  hundred  years  or  upwards,  according  to 
lUBstances.  Tlie  age  of  hard  wood  is  determined  by  the  num- 
I  ibcr  of  rings  which  may  be  counted  in  a  section  of  tlie  tree, 

CrrrwG. — Tim  tree  should  be  cut  as  near  the  ground  as  poseihle, 
B  lower  part  being  the  best  timber ;  the  quality  of  the  wood  is 
!  degree  indicated  by  the  color,  which  should  be  nearly 
I  mifonn  in  the  lieart-wood,  a  little  deeper  towards  the  centre,  and 
firitbont  sudden  transitions. 

Felled  timber  should  be  immediately  stripped  of  its  bark,  and 
1  ttvm  the  ground. 


Lap 


DKFECTt   Or    nUUEU  TKEE8    (kSPECIALLV   OF    OAk). 

Sap,  the  white  wood  next  to  the  bark,  very  soon  rota,  and 
never  be  used,  except  that  of  hickory.     There  arc  some- 

HtacB  found  rings  of  light-colored  wood  surrounded  by  good 

Lard  wuoil ;  this  rnay  be  called  the  second  Bap  ;  it  should  caiisc 

the  rvjectJon  of  the  tree  in  which  it  occurs. 

fiftMn  wuoi>,  is  a  defect  generally  consequent  on  the  decline 
tlie  tree  fn-m  oge ;  the  pores  of  the  wood  are  open,  the  wood  is 
1dtab-eolorcd,  it  breaks  short,  without  splinters,  and  the  chips 

cron^lc  to  pieces.     This  wood  is  entirely  unfit  for  artillery  car- 

riap*. 
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Wood  which  has  died  before  being  felled  sliould  in  general 
be  rejected;  so  sliould  knotty  trees^  and  tliose  which  are  covered 
with  tubercles  or  excresences. 

Twisted  wood,  the  grain  of  which  ascends  in  a  spiral  form,  is 
unfit  for  use  in  large  scantling ;  but  if  the  defect  is  not  very 
decided,  the  wood  may  be  used  for  naves  and  for  some  light 
pieces. 

Spliis,  checks,  and  cracks,  extending  towards  the  centre,  if 
deep  and  strongly  marked,  make  the  wood  unfit  for  use,  unless  it 
is  intended  to  be  split. 

Wind  Shakes  are  cracks  separating  the  concentric  layers  of 
wood  from  each  other :  if  the  shake  extends  tlirough  the  entire 
circle,  it  is  a  ruinous  defect. 

All  the  above-mentioned  defects  are  to  be  guarded  against,  in 
procuring  timber  for  use  in  artillery  constructions.  The  center 
heart  is  also  to  be  rejected,  except  in  timber  of  very  large  size, 
which  cannot  generally  be  procured  free  from  it. 

SEASONINU   AND   PRESERVING   TIMBER. 

As  soon  as  practicable  after  the  tree  is  felled,  the  sap  should 
be  taken  off  and  the  timber  reduced,  either  by  sawing  or  splitting, 
nearly  to  the  dimensions  required  for  use.  Pieces  of  large  scant- 
ling, or  of  peculiar  form,  such  as  those  for  the  bodies  of  gun  car- 
riages and  for  chassis,  are  got  out  with  the  saw ;  those  of  smaller 
dimensions,  such  as  spokes,  are  split  with  wedges.  Naves  should 
be  cut  to  the  proper  length,  and  bored,  through  the  axis,  with  a 
IJ  in.  auger,  to  facilitate  their  seasoning  and  to  prevent  cracking 
as  much  as  possible.  They  should  be  cut  from  the  butt  of  the 
tree. 

Timber  of  large  dimensions  is  improved  by  iimnersion  in 
water  for  some  weeks,  according  to  its  size,  after  which  it  is  less 
subject  to  warji  and  crack  in  seasoning. 

Dry  Seasoning. — For  the  purpose  of  seasoning,  timber  should 
be  piled  under  shelter,  where  it  may  be  kept  dry,  but  not  exposed 
to  a  strong  current  of  air ;  at  the  same  time,  there  should  be  a 
free  circulation  of  air  about  the  timber, — with  which  view,  slats 
or  blocks  of  wood  should  be  placed  between  the  pieces  tlmt  lie 
over  each  other,  near  enough  together  to  prevent  the  timber  from 
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"-nding.      In  the  eJicdtt,  tlm  iiiuces  of  tiin1)cr  eliuuld  be  jtilod 
■•   «  »y.  or   ill  Hi)W8re  piles,  and  classed  according  to  age  a 
Vlftch    pile  should  lie  distinctly  marked  with  tlie  number 
■  I'l  of  piec'CB.  and  their  n^e,  or  the  date  of  receiving  tliein. 
lei*  ftliould  be  taken  down  and  made  ovei- again  at  intervale, 
■  *=">  "'II  witl»  iJie  length  of  time  which  tlie  timber  lias  been  out 
Til'-  -t-aaoning  of  timber  requires  from  two  to  eight  years,  accord-' 
ui^  to  its  Bize. 

Ktakizin*>. — Gradual  drying  and  seasoning  in  tliis  manner  is 
catmdcit^]  the  must  favorable  to  tlio  durabilitY  and  strength  of 
timber  ;  but  various  methods  have  been  proposed  for  hastening 
tl»c  {ir»c«8a.  For  this  purpose,  steaming  timber  has  been  ap]iUed 
with  snecwfi  ;  and  fiie  reeultA  of  experiments  wltb  Mr.  Kyan's  pro- 
cess of  fiattirating  timber  with  a  solution  of  corrosive  sublimate, 
hftTc  been  liighly  eatiefsctory :  this  is  said  to  liarden  and  eeaeou 
the  wood,  at  the  same  time  that  it  secures  it  from  the  dry  rot  and 
£runi  the  atlAckd  of  worms.  Tlie  process  of  Mr.  Earle,  which  con- 
BBte  in  tAliimting  the  wood  "with  a  hot  solution  of  copperas  and 
bine  Titri*jl  mixed  together,  lias  been  tried  by  tlie  Ordnance 
De^fartracnt ;  but  tlie  resnltji  have  not  been  favorable,  ns  regards 
ib  cffuct  on  the  8trengt,h  or  preservation  of  the  timber. 

Kujf  Dkitxo  is  aervicoable  only  for  boards  and  pieces  of  small 
dimentiiona,  and  \&  apt  to  cause  cracks  and  to  impair  tiie  etrcngtb 
of  wwmI,  onletis  performed  very  slowly.     Charring  or  2>ai^ng  tii 
Uigbly  injurious  to  any  but  seasoned  timber ;  as  it  effectually  pi 
T«itfi  tbi!  drying  of  the  inner  part  of  the  wood,  in  which,  com 
qncntlr,  fermentation  and  decay  soon  take  place. 

Oak  timlier  loses  about  one  J^th  of  i(«  -wt-ight  in  seasoning, 
and  about  ont  third  <^  iU  weight  in  becoming  perfectly  dry. 


HEAsmtXH    TIMBKB. 

Sawetl  or  hewn  limber  is  measured  by  the  cubic  foot;  or  more 
rotniuonly  by  htpani  mfeuiire,  the  unit  of  which  is  a  miiicrficial 
foot  of  a  Ixrard  1  in.  thick.  Small  pieces,  especially  thoi^e  which 
•w  (pit  oat  by  splitting  (sneh  as  spokes),  and  nhajitB,  or  piece* 
rotigt>«l  out  to  a  particular  pattern  (such  as  stock*  for  small  arms), 
•re  uDefl  purchasi-d  by  the  pivoo. 
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Usual  rule  for  measuring  round  timber : 

Multiply  the  length  hy  the  square  of  one  fourth  the  mean  girthj 

^  ^^  C  L  for  the  solid  contents ;  or,  ^ ;  Z  being  the  length  of  the  log,  and 

'■-  C  half  the  sum  of  the  circumferences  of  the  two  ends.    But  when 

round  timber  is  procured  for  use  in  the  Ordnance  Department,  it 
should  be  measured  according  to  the  square  of  good  timber  which 
can  be  obtained  from  the  log. 

Table,  shounng  the  Superficial  Feet  in  one  lineal  foot  of  Boa/rda 

of  varioits  widths. 


WIDTH. 

ARSA. 

WIDTH. 

ARKA. 

WIDTH. 

AREA. 

In. 

Sup.  ft. 

In. 

Sup.  ft. 

In. 

Sup.  ft 

0.25 

0.0208 

4.25 

0.3542 

8.25 

0.6875 

0.50 

0.0417 

4.50 

0.3760 

8.50 

0.7088 

0.76 

0.0625 

4.75 

0.3968 

8.75 

0.7292 

1.00 

0.0883 

5.00 

0.4167 

9.00 

0.7500 

1.25 

0.1042 

5.25 

0.4375 

9.25 

0.7708 

1.50 

0.1250 

6.50 

0.4583 

9.60 

0.7917 

1.75 

0.1458 

5.75 

0.4792 

9.75 

0.8125 

2.00 

0.1667 

6.00 

0.5000 

10.00 

0.8833 

2.25 

0.1875 

6.26 

0.5208 

10.26 

0.8542 

2.50 

0.2083 

6.60 

0.5417 

10.60 

0.8750 

2.76 

0.2292 

6.75 

0.6625 

10.75 

0.8968 

,     3.00 

0.2500 

7.00 

0.5833 

11.00 

0.9167 

3.25 

0.2708 

7.25 

0.6042 

n.25 

0.9375 

8.50 

0.2917 

7.50 

0.6260 

n.50 

0.9683 

8.75 

0.3125 

7.75 

0.6468 

11.76 

0.9792 

4.00 

0.3833 

8.00 

0.6667 

12.00 

1.0000 

To  find  the  number  of  feet,  hoard  measure^  in  any  piece  of 
timber  of  a  given  width,  multiply  the  tabular  area^  for  tliat  width, 
by  the  length  in  feet  and  the  thickness  in  inches. 


CHAPTER    IV. 


Okicin. — Rifled  small  i 


I  date  from  a  very  early  period  I 


_  ^40&>, — in  France,  from  about  1515 ;  though  the  principle  from  1 
wlii«h  their  accuracy  reautta  does  not  eeem  to  have  heen  well  4 
ondt^ratood.* 

A  ri_fie  is  a  pun  having  in  ite  bore  a  number  of  grgoves,  heli- 
^L  c»l  in  form,  which,  as  the  projectile  passes  out  of  the  bore,  give  it 
^H  Ae  rifled  or  rotating  motion.  In  rifles  loaded  at  the  muzzle,  the 
^■^projoctile  ranst  be  niacio  to  "  take  "  the  grooves,  by  being  forced  into 
^H(!0icm.  It  will  tlien  turn  in  the  piece  as  often  aB  the  entire  curve 
^^P^  re|M>sted  in  the  length  of  tlie  bore,  and  continue  the  same  nio- 
^Ftiun  after  leaving  the  muzzle.  The  rnte  at  which  it  revolves  will 
dcjtend,  for  any  given  velocity,  upon  the  inclination  whicli  tlie 
ercMiivee  bare  to  the  axis  of  the  piece. 

Thbost. — Hie  deviation  of.  a  shot  is  caused  by  the  resistance 
to  its  pueagc  offered  by  the  air.  The  effect  of  rifling  a  ball  is  to 
tnakc  it  keep  the  iamc  part  always  to  the  front,  lliis  Is  sJiown 
hx  marking  tlie  top  part  of  a  rifle  ball  as  it  is  placed  in  the  gun. 
Tliat  jrart  nlwayt  strikes  tlie  target  first.  This  renders  the  retard- 
ing effect  of  die  air  on  tlie  ball  much  more  uniforiii  than  it  would 
tithurviM  be. 

SapixMe  that  (ho  point  J/",  Fig.  (J3,  of  tlie  front  6urface,  be  the 
point  of  application  of  the  result- 
ant P  M  of  the  resistance  of  the 
air  acting  obliquely  to  the  vertical 
■"     I'     plane  of  tire  of  which  A  B  is  the 
»■*«.  trace.     As  the  ball  revolves,  the 

|Niint  M  takes  the  poaition  m,  and  the  force  M  P  assumes  the  jwa- 

*  Tb*  gn>uv«a  o[  tbc  ftrtt  liAw  m»le  were  pcrfocUy  itraigbt,  lh«  mcul  \\<i\ag  cat 
^ta  no^a  Um  dirt  KceumnlBUd  in  firing  n  |^d,  m«»11  a*  !□  allow  the  eHapa  of 
■h>  air  la  tarelog  dn*n  ih«  ball,  mud*  wUU  an  in«rNM«<l  (llain>tJT  lit  dlinlnu}) 
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tion  wt  J),  directly  opposed  to  the  firet  position,  and  tending  to 
throw  tlic  projectile  back  to  tlie  left  with  the  same  force  it  before 
exerted  to  tlirow  it  to  the  right,  thus  neutralizing  tliia  last  motion. 
The  force  M  P  describes,  as  the  ball  revolves,  a  surface  which  we 
may  take  for  a  cone.  For  any  two  positions  of  the  force  M  P 
opposite  to  cacli  other  in  this  cone,  the  deviating  inflncnces 
mutually  counteract  each  other. 

_c  A  hcUx  is  a  curve  on  the  surface 

of  a  cylinder  which  meets  the  cle, 
ments  of  the  cylinder  constantly 
under  the  same  angle.  To  trace  one 
practically  upon  a  cylinder,  take  a 
paper  triangle,  8  0  8,  whose  base  is 
equal  to  the  circumference  of  the 
cylinder,  their  altitudes  being  the 
same.  Place  the  line  8  8  on  one  of 
the  elements  of  the  cylinder,  and 
roll  the  latter  in  the  triangle;  the 
hypothenuse  8  0  will  describe  the 
helix.  Should  we  desire  the  helix 
I  to  make  but  tlie  }  of  a  revolution 
instead  of  an  entire  one,  the  triangle 
(Ti,.  Bt.  a  8  ft  would  1)D  used,  in  which  a  Sis 

i  of  8  8. 
Cdtting  Grooves. — Tlie  ordinary  ones  are  the  easiest  described 
and  the  best.  To  describe  the  curve  on  the  bore  of  the  piece,  it 
is  only  necessary  to  give  the  barrel  a  certain  motion  of  translation 
and  rotation  whilst  a  stationary  point  presses  upon  it.  Or  the 
barrel  may  rotate  while  the  point  is  given  a  motion  of  translation. 
Or  finally,  the  barrel  may  remain  stationary  and  the  ]>oint  have 
both  niotions,  and  this  last,  is  the  usual  way  of  rifling  in  practice. 
Tlie  cutter  is  placed  on  the  end  of  a  shaft  moved  back  and  forth 
by  machinery,  and  having  on  it  a  projection  which  is  forced  to 
move  in  a  groove  eut  in  the  proper  form  on  the  surface  of  a  metal 
cylinder.  A  groove  of  the  same  form,  consequently,  is  eut  in  the 
bore  of  the  piece.  Tliis  is  the  plan  usually  adopted  in  rifling  large 
guns ;  but  with  small  arms  the  barrel  is  fixed  as  before,  and  the 
grooves  are  made  by  a  cutter  which  moves  back  and  forth,  turning 
at  the  same  time  by  the  action  of  a  ratchet,  moved  up  and  down 
by  a  wheel  at  the  bottom  moi-ing  on  an  inclined  plane  or  curve, 


dtng  to  tlie  kind  of  helix  to  be  out,  nnd  wlilcli  works  Into 
1  placed  on  tlie  frame,  wliicli  snpprirt  tlie  rod  of  the  cutter. 
B  mcU)»d  ha&  receutly  been  npplied  also  to  rifiing  large  guns. 
^ie«e  grooves  are  soinctiniea  made  with  an  increasing  curve 
,  "  twiat,"  when  tlie  angle  which  they  make  with  the  axis 
i  they  api>roach  the  muzzle.     TIic  inclination  at  any 
B  at  iho  mnzzle,  is  determined  hy  the  angle  made  by  the 
t  tX  thftt  pouit  with  the  a:ds.     It  may  be  described  like  the 
try  Iiclix,  hy  snbstitnting  for  the  hypotbenuse  of  the  triangle 
b  pRrmboln,  or  any  other  rogtilar  cnrve,  as  8  4  or  6  0,  Fig.  64,  tan- 
mt  lo  it  at  the  extremity.     This  will  give  a  curve  less  developed 
1  tlic  right  line,  and  it^  mean  inclination  will  be  Icsb.     The 

m,  con»eqiiently,  with  a  rifle  of  this  foim,  will  be  leas. 

LEsnrrH. — Friction  is  a  matter  of  considerable  importance  in 

[fles,  wid  its  retarding  eflfcct  Bcema  to  increase  in  a  greater  ratio 

ft  the  Tcloeity.     Hence,  the  inclination  of  the  grooves  should 

B  the  gun  decrenscs  in  length,  and  the  reverse.     Other 

idcrations  will  have  a  bearing  upon  this  same  point.     Tlie 

idty  of  rotation  fihonld  be  great  enough,  otherwise  tlie  ten- 

r  o{  the  ball  Id  turn  round  its  shortest  axis  overcomes  the 

f  mntiun,  and  the  firing  is  inaccurate.     It  should  not  be  too 

j»t;  u  in  tliat  case  tlie  velocity  of   translation  is   reduced. 

Tien  tile  charge  is  increased,  the  inclination  of  the  grooves  should 

)  docfcase^l,  wtiicrwiee  the  ball  is  forced  a<rf)ga  them  without 

;  rifled  ;  and  it  U  in  tljia  way  that  tlie  velocity  of  rotation 

■  frraii  tliat  of  translation. 

If  the  grfjovo  makes  one  complcto  revolution  in  the  length  of 

the  pm,  it  is  supposed  to  impart  that  rate  to  the  ball  when  it 

icavcs  the  muzzle,  and  that  it  makes  one  of  these  revolutions  in 

■  tlta  nme  S}>at^^e  in  iiir.     This,  of  eourM.*,  is  not  strictly  tmc,  from 
i'Ae  frietioti  of  the  air,  which  will  commence  to  reduce  that  velo* 

dty  u  well  a«  tho  velocity  of  translation,  from  tlie  moment  tlio 
ball  leavo«  the  piece. 

TIi«  carve,  Iw^weter,  generally  makes  but  a  part  of  a  revolu- 
tion in  the  piece,  the  hall  perfecting  the  revolution  after  it  gets 

■  oBt — that  is,  after  it  passcB  over  ono  complrt^  helix.     Let  us  sup- 
I  poM  the  length  of  tlio  helix  to  be  10  fc«^'t,  and  the  initial  velocity 

of  the  hall  to  bo  ICno  foct.    It  will  take  ,ifi.  or  lU  part,  of  a 
•aooDilta  pass  over  one  len^li  of  tho  helix ;  or,  tho  ball  makes  li>0 
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revolutions  in  a  second.  Knowing,  then,  the  initial  velocity  of 
translation  of  the  ball,*  and  the  length  of  a  completed  helix  of 
the  gnn,  the  initial  velocity  of  rotation  is  obtained  by  dividing 
the  former  by  the  latter. 

Lead  being  a  softer  substance  than  iron,  the  projections  on  the 
ball  will  be  the  more  liable  to  be  torn  off,  or  what  is  termed 
"  8trij>2>ed^^^  as  the  inclination  of  the  groove  to  the  axis  and  the 
charge  of  powder  are  increased.  To  avoid  this,  therefore,  there 
must  be  a  certain  relation  established  between  the  dimensions  of 
the  grooves,  their  number,  and  inclination, — and  the  velocity  of 
ball. 

Inclination. — ^Experiment  demonstrates  that  the  inclination 
should  increase  as  the  spherical  fonn'is  departed  from  in  the  pro- 
jectile. Tims,  an  elongated  ball  having  a  greater  bearing  surface 
than  a  sphere,  will  have  more  metal  forced  into  the  groove,  take 
a  better  hold  of  it,  and  be  less  liable  to  "  strip."  Such  a  ball, 
too,  will  stand  a  larger  charge  of  j)Owder  before  stripping,  than  a 
spherical  ball. 

The  first  rifles  were  made  with  grooves  like  teeth,  and  a  great 
number  of  them,  as  in  Fig.  65 ;  but  the  sharp  edges  soon 
became  worn  by  the  rammer,  and  the  piece  became 
inaccurate. 

A  screw,  when  used  without  oil,  is  soon  destroyed. 
Grease  or  oil  reduces  the  friction,  and  renders  its  move-    ^*«-  ^ 
ment  more  uniform.    Grease  applied  to  the  grooves  of  a  rifle, 
produces  the  same  effect,  and  it  is  for  this  reason  that  the  patch 
of  a  rifle  ball  is  greased. 

As  the  power  of  powder  is  increased  by  offering  a  greater 
resistance  to  it,  the  friction  of  the  ball  in  the  grooves  requires  a 
greater  thickness  of  metal  in  a  rifle  than  in  a  smooth-bored  gun. 

Slugged. — It  is  believed  that  the  first  attempt  to  use  the  rifle 
principle,  was  in  hreech-loadiJig  arms.  In  breech-loading  pieces 
the  bore  consists  of  two  separate  parts,  viz.,  the  long  part  or  bar- 
rel, which  is  rifled,  and  the  chamber  immediately  behind  it,  the 
bore  of  which  is  larger  than  that  of  the  barrel.  In  this  part,  the 
charge  and  ball  fit.  When  the  ball  is  forced  into  the  barrel  by 
the  ignited  powder  it  enters  the  grooves  and  becomes  what  is 
termed  slugged. 

The  advantages  of  this  mode  of  loading,  are,  that  it  is  Bafer ; 
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nt  no  fiotdier,  Lowever  awkward,  eau  get  more  than  one  charge 

t  the  guu  ;  tliat  no  rammer  is  required  in  Inadiug  (a  great  ad- 

tntkge,  eflpcfiiallj^  on  liorseback) ;  that  the  hall  remains  in  ite 

I  giUce,  no  mutter  if  tlit;  gmi  is  carried  muzzle  down  and  at  a  rapid 

LjMcc  ;  and  that  tho  piece  can  be  loaded  mucli  more  rapidly  and 

TIiQ  dlund vantages  are,  tliat  no  matter  how  perfect  the  mecLan- 
'  ism  III  tile  joint,  thejpowdeT  heing  exploded  at  that  jxtint,  the  gafl 
u  dure  lo  penetrate  it.  Tlie  parts  become  rnstj  and  foul,  work 
with  difficulty,  close  badly,  and  allow  an  escape  of  gas  injurious 
to  tlie  marksman.  Tlicse  disadvantages  are  increased  by  the 
rapidity  with  which  tho  piece  can  be  fired. 

The  moet  noted  arms  of  recent  date  in  this  country,  loaded  in 
ihu  way,  are  those  of  Colt,  Hall,  Sharp,  and  Eumaide,  All  of 
llie»cliar«  tliclr  peculiar  advantages  and  defects,  which  will  not 
Ix)  dixtfiimi-fl  at  any  length.  The  last-named,  however,  having 
l»w«  rt-euiii  mended  by  two  successive  hoards  of  officers,  ae  pecu- 
liarly ftilajitcd  for  tiic  n>  lUtary  service,  it  way  not  be  out  of  place 
\u  giTu  a  aliort  dcsc-rijitiuu  of  it. 

BruidiiiK')). — Ita  great  advantage  in  a  military  point  of  view, 
u  tJtu  prottrctioD  of  tlie  cartridge  from  moisture.    This  is  effected 
by  meoiid  of  a  metallic  case  either  of  brass  or  steel,  capped  at 
tlu>  larger  end  wltli  a  leod  ring.*     By  means  of  a 
•ted  mould,  thiti  lead,  ^'ter  the  back  end  of  the  b:.!' 
ia  placed  in  it,  is  forced  around  the  ball  so  as  li<  : 
metrically  to  seal  tlio  joint.     The  case  is  sligLt! 
eotucnl,  and  at  thoemallur  end  is  a  small  hole  cIom 
when  thu  powder  has  been  poured  in  and  the  1  :! 
(breed  in  it«  position,  with  a  little  tallow  or  wax. 

Tlio  chamber,  of  th«  mmrform  as  the  cartrir!, 
LcMS,  U  iti  a  piece  of  metal,  the  hack  end  of  w)il< 
droiM  down,  Iming  connected  at  the  front  end  wiiU 
the  barrel,  by  means  of  a  hinge  Mow  it.  The 
chaiulrur  being  down,  the  cartridge  is  dropped  in, 
eiit«flng  aa  far  as  the  line  a  h.  When  tlio  chamber 
ib  raiiud  tlie  ball  enters  the  hnrrcl,  which  is  reamed 
oat  to  receive  tho  enlarged  part,  a  h.  Tills  ring  of 
lead  Uang  directly  at  the  joint,  cffecttially  "j'«c'A-»*' 

•  Tbii  lead  U  Dvw  kft  off. 
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it  and  prevents  the  escape  of  gas.  "Wlien  the  charge  is  fired,  the 
ball  is  driven  forward  throiigli  the  barrel,  leaving  the  case  in  the 
gun.  Being  conical  in  form  and  fitting  the  chamber,  the  sides  of 
this  support  the  case  and  prevent  its  being  destroyed.  The 
chamber  being  opened,  the  empty  case  is  taken  out,  and  a 
loaded  one  put  in  again. 

Should  the  case  stick  after  the  gun  is  fired,  an  ingenious  con- 
trivance releases  it.  Being  a  conical  surface  fitting  into  a  similar 
one,  the  least  movement  forward  separates  the  two  surfaces  and 
releases  the  case.  This  movement  is  effected  by  means  of  a  cone 
seat  placed  in  rear  of  the  chamber,  and  against  it  the  cartridge- 
case  rests.     On  touching  this  seat,  the  case  is  moved  forward. 

Tlie  gas  was  found  to  be  very  effectually  cut  off  by  the  car- 
tridge, and  there  being  no  necessity  for  the  chamber-piece  to  fit 
tightly,  either  to  the  barrel  or  the  side  pieces  which  connect  this 
with  the  stock,  there  is  no  danger  of  rust  preventing  the  mechan- 
ism from  working.  Tlie  piece  fired  accurately,  and  passed  suc- 
cessfully through  some  very  severe  tests  with  water. 

Since  the  great  improvements  made  in  the  muzzle-loading 
rifle,  in  regard  to  range  and  facility  of  loading,  the  breech  load- 
ing principle  is  not  a  matter  of  so  much  importance.  "Wlien  it  is 
remembered  that  soldiers  in  action,  even  when  well  disciplined, 
expend  from  10,000  to  30,000  cartridges  for  every  man  disabled, 
it  becomes  a  self-evident  fact  that  thev  fire  too  fast  alreadv,  and 
that  it  is  only  adding  to  the  evil  to  give  tliem  the  means  of  firing 
four  or  five  times  as  fast,  by  placing  breech-loading  guns  in  their 
hands.  It  is,  ^hen,  only  special  corps  to  which  this  arm  should 
be  supplied,  and  not  to  the  main  body  of  an  army. 

English. — Another  plan  for  forcing  the  ball  was  as  follows: 
The  ball,  very  little  smaller  than  the  bore,  was  forced  down  on 
the  powder  with  a  heavy  rammer,  and  driven  into  the  grooves 
by  several  sharj)  blows.  This  method  was  not  found  very  effec- 
tive, and  was  injurious  to  the  powder  by  mashing  it.  After  a 
few  rounds  the  piece  becomes  foul  and  works  with  great  difficulty. 
Projections  were  then  formed  on  the  ball,  corresponding  to  grooves 
in  the  gun,  and  no  forcing  was  requisite ;  but  this  method  was 
very  inconvenient  when  firing  and  loading  rapidly  in  succession, 
or  in  the  dark,  as  the  ball  had  to  be  placed  in  a  particular  posi- 
tion before  it  would  enter  the  bore.    These  are  the  objections  to 
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the  Engli^ti  or  rather  Brnnewick  rifle,  wliicli  Iiaa 
hat  two  grooves,  and  on  the  ball  a  projection  in  the 
form  of  a  pirdle,  which  fits  into  them.     Fig.  C7, 

A  third  jilan  was  by  incaiis  of  the  comiiiiin  greasoil    y 
pHteb  of  linen  or  tliin  leatlier  wlticb  envelopes  the  #/_5_\i 
bdL  ai,^2|p)o 

Deltigse,  ft  French  infantry  officer,  Biiggestod  an        "s-  or. 

inprovenivnt  in  forcing,  which,  although  eoon  given  np,  was  tho 
I  came  of  another  of  mnch  greater  importance.  He  proposed  to 
[  ^ace  at  the  bottom  of  the  brucch, 

■  lODall  chamber  having  an  abrupt  I 

connection  with    the    bore,     Fig.  ' 

6S.    The  powder  nearly  filled  tlio 

eh&niher,  and  the  ball,  having  been  inserted  like  an  ordinary 
I  matket  ball,  was  arrested  at  the  mouth  of  the  chamber.     To  forco 

It  into  the  grooves,  it  was  rammed  several  times  with  a  hea^-y 
y  nouner  having  a  concave  huad.  Tliis  forced  it  also,  into  tlje 
L'cbutiber,  by  which  the  jwwder  was  injured.  The  ball,  however, 
[  ma  forced  very  mnch  out  of  shape,  and  being  flattened  in  front, 
[  hcRMMd  the  resistance  of  the  air.  This  rendered  an  increased 
I  twEil  necessary-,  in  order  to  keep  the  ball  from  turning  around  its 
I  ihoTler  Bxis.  To  prevent  the  ball  being  driven  into  the  chamber, 
t  of  hard  wood  was  placed  below  it,  which,  resting  on  the 

«t&eU  at  the  luoutli  of  the  chamber,  prevented  the  ball  from 

entering. 

Cailuii.vk  a  TiOK. — Tlie  invention  which  lias  been  alluded  to 
'  w  the  rcHult  of  the  preceding  one,  seems  to  be  a  very  simple  and 

BStaral  conBoquence  of  it.  It  consists  in  substituting  for  the  cham- 
*  Itw  >  fmall  cylinder  or  pin,  Fig.  69,  projecting  into  tlic  lower  part 

of  the  l>orv.  and  on  tlio  top  of  which  the  ball  rests ;  thus 
'  ftunielilng  tlie  oelcbrated  "  carabine  a  tiffe,"*  or  stem- 
rifle.    TIio  powder  now  lies  in  a  ring-shaped  chamber 
'  around  the  6tem,  which  supports  tlie  extrt^me  point  of 

the  Irtill,  allowing  it  to  be  forced  more  easily  and  with 
t  detriment  to  its  fthape,    Tliis  piece,  the  inventor  of  ; 

whfrb  was  Col,  Tlionvenin,  ecems  to  have  been  the  first 

mHitary  arm  in  which  an  flongatfd  projectile  was  used. 

EiAXOATKD  BriXKTs. — It  has  long  been  known  that  llic  spher- 

iul  fonn  wa*  not  the  one  to  which  the  air  offered  the  least  resist- 
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ance ;  but  all  attempts  to  keep  tlie  projectile  from  turning  around 
its  shortest  axis  had  failed. 

The  arrow,  among  elongated  projectiles,  has,  with  equal  velo- 
city, the  most  flattened  trajectory^  or  path  through  the  air.  Tliis 
is  due :  1st,  To  the  little  resistance  offered  to  the  point  of  the 
arrow  by  the  air,  and  to  its  great  mass  compared  to  that  of  a  ball. 
2d,  To  the  volume  which  the  arrow  occupies,  which  prevents  its 
falling  as  rapidly  as  a  body  of  greater  density  ;  and,  3d,  To  the 
resistance  offered  by  the  air  to  the  feathers  placed  on  the  rear 
part,  which  assist  to  prevent  the  arrow  revolving  on  its  shortest 
axis.  These  feathers  are  sometimes  placed  obliquely  on  the  shaft 
so  as  to  produce  the  rifle  motion  in  the  arrow.  The  arrow,  then, 
is  the  type  of  rifle-balls,  and  the  elongated  projectile  which  can 
be  made  to  approach  nearest  its  trajectory  in  form  will  be  the 
most  advantageous. 

Metal  wlii(*,h  must  be  used  in  connection  with  powder  in  order 
to  resist  its  effect  and  have  the  proper  penetration  when  it  strikes, 
is  too  heavy  and  unmanageable  to  be  used  in  the  arrow  form ;  but 
the  proportions  may  be  approximated  to,  and  the  proper  amount 
of  rotation  be  given  by  rifling. 

Tlie  first  form  used  was  the  cylindro-spherical.  Fig.  70 ;  then 
the  cylindro-conical,  Fig.  Yl ;  and,  finally,  the  ogee-shaped  ball, 
Fig.  72,  having  circular  grooves  cut  upon  the  cylindrical  part, 
which,  acting  like  the  feathers  of  An  arrow,  aided  in  maintaining 
the  point  to  the  front.  Tliis  ball  having  been  used  with  the 
chambered  pieces,  and  found  not  to  take  the  groove  well,  the 
chamber  was  suppressed,  and  a  "  tig^'*  or  stem  substituted,  whicli 
was  found  to  force  the  ball  better.  The  size  of  the  stem  is  so  cal- 
culated that  the  space  around  it  is  still  large  enough  to  contain 
the  necessary  charge  after  the  piece  has  been  fired  fifty  times.  It 
was  found  necessary  to  increase  the  twist  of  the  groove  so  as  to 
make  one  revolution  in  about  six  feet,  it  having  been  before  one 
in  about  twenty  feet. 


Hg.  70. 


rig.n. 


Kg.  T8. 
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The  diffitJttlty  of  clcftning  and  keeping  tliiii  gim  in  order  was  a 

grioos  olijiM?lii>n  to  it,  niul  toeans  were  Bonglit  uf  furcing  llie  ball 

■ritbont  tlie  aid  of  tlie  atein.     Tliis  led  lo  the  adoption  of  tlie 

oUtrw  JKiniV  l>all,  having  in  the  conical  opening  an  iron  ctipy 

f'^Ui^  luoviiig  before  the  inertia  of  the  lead  is  overcome,  foreue 

I'thc  bJl  into  tlic  grooves.    This  was  found  to  force  the  ball  quite 

well,  if  not  better,  tlian  the  tuje,  at  the  same  time  that  the  ball 

i  not  deformed.     When  using  very  large  charges,  tho  cup  is 

[  ■otnctimia  forced  etitiroly  through  the  bait.     It  is  now  discovered 

[  diftt  the  ball  is  forced  as  well  without  as  with  tlie  cvp,  which  Las 

accordingly  1m«ii  suppressed. 

A  projeotile  may  be  so  formed  as  to  fly  point  fiist,  like  an 
STTOV,  even  when  fired  from  a  eniooth-bored  giin ;  but  in  order  to 
do  Ki,  it  must  fulfill  the  Bame  conditions  as  the  arrow,  and  have 
iu  center  of  gravity  near  the  point,  and  such  an  arrangement  on 
tiiic  rear  part  of  the  ball  ae  will  be  acted  on  by  the  air  to  prevent 
It»  turning.  Suppose,  fur  instance,  we  have  a  projectile 
furrnud  as  in  Fig.  73,  the  front  bcingmadc  of  lead  or  iron, 
■nil  tbo  buck  part  of  hard  wood,  throwing  the  center  of 
pmvity  well  forward  of  the  center  of  the  figure.  Sueh  a 
projectile,  although  perfectly  uselese  in  practice,  would 
(ntvul  p"iitt  foremost  when  projected  through  the  air. 
If  lUe  ct-nter  of  gravity  be  moved  back  farther  and  far-  ,  -  , 
tluT,  a  point  will  he  reached  where  the  projectile  begins  r!  r\ 
to  «liiiw  a  tendency  to  turn  over.  It  is  evident,  then,  f«.TJ. 
tliat  a  very  slight  rotation  around  its  longest  axis  would  at  first 
utaintain  tlie  point  to  tlic  front ;  and  this  vclocily  of  rotation  would 
tare  to  b«  iacrwwed  as  the  center  of  gravity  receded  from  the 
ttoat. 

Th«  CAU#c«  of  iuaccuracy  in  firing  spherical  projectiles  from 
KDiiotti-boruJ  pietrcs,  are:  Ist,  Windage;  2d,  A  want  of  coinci- 
dence bvtwccn  tlie  centers  m  gravity  and  figure ;  and,  3d,  A 
nrtarr  motion  aronnd  an  axis  oblique  to  the  plane  of  fire  ;  thia 
motion  being  partly  a  consequence  of  tlie  fonnation  of  tho  bullet, 
partly  in  consequence  of  its  sliocks  in  the  bore.  Kifling  nullifies 
all  xhvtc  cansea  of  «rror.  It  destroys  the  windage,  prevents  the 
bullvu  from  oscillating  in  the  bore,  and  by  substituting  for  its  old 
iDotiuu  of  rotation  another,  around  au  axis  lying  in  tho  vertical 
ptftoe  of  fire,  keeps  tlic  same  part  to  the  front. 
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Tlie  air  retards  tbo  movement  of  projectiles,  changes  their 
velocity,  and  diminishes  their  accuracy. 

When  a  spherical  bullet  is  fired  from  a  musket,  its  form  is  not 
clianged  at  all.  But  if  fired  from  a  rifle,  after  having  been 
rammed  down  to  fit  the  grooves,  it  leaves  the  bore  flattened  in 
front,  and  somewhat  cylindrical  in  shape.  Tliis  form  increases 
the  resistance  of  the  air,  at  tlie  same  time  that  the  curve  of  the 
trajectory  becomes  flatter,  on  account  of  the  air  sujpjportin^  the 
projectile.  Hence  result  less  velocity  and  range,  but  not  less 
accuracy.  Tlie  rotary  motion  of  a  disk^  to  which  the  flattened 
bullet  approximates,  is  better  maintained  around  the  shortest  axis 
than  any  other,  and  when  the  motion  is  around  any  but  the  short- 
est, the  constant  tendency  is  to  return  to  this.  Tliis  is  also  the 
case  with  elongated  projectiles,  unless  some  means  are  used  to 
prevent  it. 

When  moving  front  foremost,  these  experience  less  resistance 
from  the  air  than  spherical  balls  of  the  same  caliber,  especially  if 
these  last  be  flattened  by  ramming.  By  its  greater  mass,  the 
elongated  projectile  has  greater  power  to  overcome  the  resistance 
of  the  air.  Ilence,  an  elongated  bullet  may  leave  tlie  bore  with 
less  velocity  than  a  spherical  one,  and  yet,  at  a  short  distance 
from  the  piece,  have  a  greater.  Tliis  superiority  of  velocity 
will  cause  greater  penetration,  which  will  be  still  farther  increased 
by  the  pointed  form. 

In  order  to  have  a  rapid  rotary  motion,  without  too  great  an 
increase  in  the  inclination  of  the  grooves,  a  great  velocity  of 
translation  is  indispensable.  But  in  attempting  to  impress  a  great 
velocity  of  translation  on  a  spherical  bullet,  it  is  apt  to  "  strip," 
not  having  so  great  a  hold  on  tlie  groove  as  the  elongated  one ; 
moreover,  as  this  last  loses  its  velocity  less  rapidly  than  the  spher- 
ical, less  initial  velocity  will  be  required  in  order  that  the  bullet 
may  have  the  necessary  velocity  of  fttation. 

Tlie  motion  of  a  rifled  elongated  projectile  has  been  likened 
to  that  of  a  top  /  and  the  analogy  is  great.  Could  this  toy  be  so 
constructed  that  its  centers  of  figure  and  gravity  accurately  co- 
incided, it  would  stand  alone  when  placed  vertically  on  its  peg; 
but  as  this  construction  is  mechanically  impossible,  it  must  incline 
to  one  side  or  the  other.  K,  however,  a  rapid  rotary  motion  be 
given  to  it,  it  will,  whilst  its  axis  is  inclined,  describe  si)iral8  on 


MOTIOS    OF    PROJECTILES. 

t  grOTind,  oud  finally'  assiiinc  a  vci'tical  position,  itntil  the  rotary 

Taoticm  is  exUausted,  when  it  fulls.     Wlien  in  inclined  poeitione, 

*''i«  air  cm   the  under  side  being  of  the  greatest  density,  tends  to 

rce  the  top  up  iintil  it  readies  the  vertical,  when  the  density  of 

Vii:  air   beliij;;  uqital  uii  all  sides,  and  the  inequalities  of  thu  top 

It-inf;  neutralized  by  the  rotary  motion,  it  stauda  in  that  position 

aiiti\  llie  rotary  motion  becoming  too  smallj  to  fulfill  its  object,  the 

t^.p  falU. 

Thf  same  is  the  case  with  the  rifled  projectile;  and  if  its  longest 
ud»  ^luiolil  not  eoineide  at  tirst  with  the  direction  in  which  it  ia 
traveling,  ita  |)oint  will  descriho  spirals  like  the  top  mitil  those 
UnoB  di>  coincide,  if,  in  fact,  they  ever  do  so  accurately.  This 
spiral  iDotigu  is  msdo  distinctly  evident  by  the  whistling  noise 
tDodo  by  a  projectile  not  well  rifled.  The  irregularity  in  the 
jnotioQ  i»  easily  detected  by  tlie  car. 

Tlie  pnyectilo  eannot  move  tlirough  space  in  a  right  line,  but 
In  coQse*|nenco  of  the  action  of  gravity  and  the  resistance  of  the 
air,  it  mtut  dcBcribe  a  enrve,  the  elements  of  whii.'h  change  direc- 
tioD  at  ovety  instant.  In  order  that  the  point  of  an  elongated 
projectOc  shall  strike  6rst,  the  a.xi6  around  which  it  revolves  mnst 
lie  cuatiiinaliy  tangent  to  tiie  curve  of  the  trajectory.  This  will 
!«  apparent  by  reference  tu  Fig.  74. 


&ttppo«ing  A  to  be  the  direction  in  which  the  projectile  leaves 
tlie  pied',  if  in  Asis  should  rcniain  parallel  to  itself  in  all  its  poei- 
tions,  it  wouM  at  length  reach  one  as  at  B,  where  its  side  hemg 
Iireiefiti.ll  to  the  pressure  of  tlie'air,  it  would  turn  over,  and  might 
aarome  any  other  position,  as  C.  liilling  such  a  projcctilo  will 
keep  it  in  the  vertical  plane  of  fire,  hot  it  still  may  turn  over  in 
that  plane.  Tu  prevent  this,  circular  grooves  are  cnt  npon  the 
ryliiidrical  part  of  the  projectile,  as  shown  in  72.  The  moment 
tbeaxui  rail*  to  cuincidu  with  the  tangent  to  the  trajectory,  the 
•ir  acts  on  thoMJ  grooves  on  the  side  of  the  bullet  opposite  to  tlie 
one  on  wbicli  the  point  ia  deviating,  and  forcing  this  back  to  its 
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proper  position  (thus  acting  like  the  feathers  of  an  arrow),  keeps 
the  axis  coincident  with  the  tangent.  Snch  being  the  way  in 
which  the  elongated  bullet  travels,  the  resistance  to  its  passage 
through  the  air  is  evidently  a  minimum  for  that  sized  and  shaped 
body ;  the  loss  of  velocity  is  likewise  a  minimum ;  and  the  velocity 
when  it  strikes  is  the  greatest. 

From  what  precedes,  it  appears  there  are  three  principal  things 
to  be  considered  in  making  a  rifle. 

1st.  The  charge  of  powder. 

2d.  The  inclination  of  the  grooves ;  and 

3d.  The  diameter  and  form  of  the  projectile. 

In  connection  with  the  grooves,  should  be  considered — 

1st.  The  number. 

2d.  The  depth  and  width;  and 

3d.  The  form. 

The  number  of  grooves  should  not  be  less  than  two ;  but  an 
uneven  number  is  the  best,  as  there  is  then  a  land  opposite  each 
groove,  and  the  bullet  is  not  so  much  deformed  by  forcing  as  it 
would  be  were  two  grooves  opposite  to  each  other. 

The  number  adopted  in  our  service  is  three,  of  a  rounded  form, 
and  equal  in  breadth  to  the  lands ;  and  instead  of  being  of  uniform 
depth  throughout,  they  decrease  as  they  approach  the  muzzle,  the 
slope  being  the  same  in  all  arms ;  commencing  at  the  muzzle  with 
.005  inch  in  depth,  and  increasing  in  the  musket  at  the  breech  to 
.015.  They  are  uniformly  spiral,  and  make  in  the  long  pieces 
(muskets),  one  turn  in  6  feet,  and  in  the  short  ones  (pistols)  one 
turn  in  4  feet. 

BulUUfor  altered  JlutkeU, 


Fig.  7ft. 

Figures  Y5  and  Y6  represent  the  forms  and  dimensions  of  the 
projectiles  found  most  suitable,  and  adopted,  in  the  United  States' 
service. 


U.    S.    BL'LLETS.  131 

Bulttti  for  nnt  Rifit-Muthft  and  Fi,U  Carbine. 
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Tlic  No.  9  ballet,  Fig.  76,  b  necessary  for  nse  with  the  pistol, 
■,n  :i'-count  of  tlie  losB  charge  ueed  ;  the  force  of  the  powder  not 
(■-■n;;  (^rcftt  cnoagli  to  force  the  thick  sides  of  No.  1  into  the 
^T'  -■vitt.  The  two,  however,  differ  only  in  the  size  of  the  cavity 
uxitl  S  conree,  weight,  and  aiay  be  used  indiscriminately  if  ueces- 
euy. 

By  placin;ar  a  percnseion  cap  on  the  point  of  these  elongated 
prdjcL-tUua,  tJicy  are  very  formiJahle  against  caiasons,  Ac,  for 
blowiDg  them  iip.* 

Aliooet  every  European  army  has  adopted  its  oivn  kind  of  rifle, 
the  difTurcitt  urniB  differing  from  each  other,  sometimes  very  eeseit- 
ti:il'v  ill  iheir  eonstnu'tion,  sonietimeB  only  in  the  U-saer  details. 
^'.^lr!y  all  have  the  elongated  projectile;  but  the  iron  culot  of 
Iktiiiii-  has  been  for  nome  time  nbandonud  as  useless,  though  still 
n-taiued  liy  wime.  The  English  nsc  a  wooden  plug  in  place  of 
the  colot  with  ihcir  projectiles  which  are  transj>orted  to  any  great 
dietaDcc,  as  to  India,  to  keep  them  from  becoming  deformed. 

GotUASY. — Tlio  small  German  States  use  a  great  many  differ- 
ent rifleis  with  bullets  of  almost  every  conceivnhle  fihape  and 
BBC, — eomo  round,  fiom«  oblong;  and  on  tlic  latter  the  grooves 
Tmn:  in  nunilrer  from  one  to  fonr,  whilst  the  grooves  in  the  riflcB 
Tftrj  from  two  to  eight    Some  of  these  States  use  the  common 


*  It  b  MNDPwhtl  nnurkiilil*  Ihat  daring  th«  eipcrimrnU  oitrriwl  on  Is 
nriMi  HMintria  wilb  ■  «lrv  of  prrfKlin^  th«  form.  Ac.  of  the  don gai«d  Inillcl;  th* 
JWBipry  llal  Iha  autoloixilJ  Ixi  i)l>|)#n«('d  wiili,  aad  the  Lullel  farced  uniply  fton 
ll>-*rtfnn  It/ llti- poadprin  tho  ca>ll)~.  «■*  nxle  al-ont  the  Mine  tinin  In  *o**rBl 
■^*-"i;'i  — ,  nil  »1lhont  llie  Mpcriinontprshitlnp  poninrnnUWcd  llie  remTU  of 
-.'  .  "IK  10  MFh  other.  T)i<».  iu  BiiKbtiTc).  Itclgiutii.  and  Iha  United 
^     '  i;.  wMtnade  iib«nt  lh«  umelim'.     tn  (litu  rountrj  It  WM  «  ruolt 

"I  1  oir--. ''.       ii  Mr.  Onttoo,  matter  irmarer  at  Uarpen'  Ferry. 
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rifle,  with  the  ordinanr  exp»andmg  ball ;  while  others  have  the   •* 
rifle  a  tige  ;  and  others  &till  the  chambere^l  rifle. 

Prussia  still  retains  her  national  breech-loading  needle  gun, 
the  complicated  machinery  of  which  will  yet  have  to  give  place 
to  the  more  simple  constructions  of  the  age.  The  bullet  of  this 
piece  is  peculiar  in  shape,  being  ogeval-shaped  in  front,  and  ter- 
minated in  the  rear  by  a  hemisphere,  a  little  less  in  diameter  than 
the  bullet,  which  has  no  grooves.  Prussia  has  also  in  use  the 
carahine  d  iige^  with  a  cylindro-conical  ball  ;  and  a  rifled  mus- 
ket, which  carries  a  heavy  three-grooved  ball,  in  which  the  culot 
is  used. 

Brunswick. — ^The  two-grooved  rifle  and  belted  ball  introduced 
into  England,  and  of  which  the  Lancaster  rifle  is  a  modification, 
is  tlie  invention  of  Capt.  Bemer ;  and  when  adopted  by  Brunswick 
was  of  a  somewhat  more  complicated  structure,  under  the  name 
of  the  oval  musket.  The  grooves,  which  were  broad  at  the  breech, 
decreased  in  width  as  they  approached  the  muzzle,  where  they 
finally  disappeared  in  the  oval  bore,  precisely  like  that  of  the 
Lancaster  rifle.  Spherical  balls  were  generally  used,  and  of  two 
sizes  ;  the  smallest  being  used  with  a  patch,  the  largest  without. 

IlANOvEfe  at  first  adopted  the  Bemer  system,  but  has  now  two 
models  ;  one  a  rifle-musket  a  tige,  the  other  a  rifle  a  tige ;  both  of 
the  same  caliber  (0.62  in.).  The  musket  has  7  grooves,  the  rifle  8 ; 
and  the  barrel  of  the  latter  is  the  shortest.  Both  pieces 
appear  to  be  in  use  at  the  same  time  in  the  same  corps. 
In  the  musket  the  grooves  are  of  unifonn  depth  ;  in  the 
rifle  they  vary  in  depth,  but  have  the  same  inclination 
as  in  the  musket.  Tlie  projectile  used  with  these  pieces  l 
is  of  a  peculiar  form,  and  is  represented  in  Fig.  77.  "«•  '^• 

Spain  adopted  in  1852  a  four-grooved  rifle-musket,  0.60  in.  in 
caliber,  and  firing  a  culot  ball,  which  was  exchanged  three 
years  afterwards  for  a  ball  similar  to  Peetcrs',  Fig.  81.  This  arm 
has  been  issued  only  to  a  part  of  her  troops. 

Russia  originally  adopted  the  two-grooved  rifle  and  girdled 
ball,  like  the  English ;  and  has  since  adopted  a  very  sharp-pointed 
oblong  ball,  with  a  button  on  each  side  which  fits  into  the  grooves, 
as  the  girdle  did  formerly.  She  also  uses  the  carabine  d  tige  and 
a  solid,  sharp-pointed  ball,  with  one  large  groove  near  the  base ; 
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uA  of  la.to  ycarB  haa  been  Imsilj^  engaged  in  rifiiiig  her  imiskets, 
viikwUcH  tl»e  expansive  ball  is  used, 

SuojcsxA  lias  &  clininbcred  eigi it-grooved  carbine,  on  Delvignc's 
pnociplQ,  \^-Uicb  fires  a  sJiort,  tliick-Eet  ball,  with  a  cjliiidrieal 
\niy,  and  f<^iictil  front.  She  Las  also,  since  1854,  been  neing  a 
luur-gnxpved  rifle-mnsket,  with  a  ateni,  which  fires  an  oblong  ball 
HinUar  to  ours,  Irnt  eolid.  She  has  latL-ly  offered  a  large  reward 
fuT  the  best  military'  arm  which  may  be  brought  I'oi'ward,  and 
duefi  not  limit  the  inventors  to  the  citixene  of  lier  owu  territory. 

S^wEUKN  uses  an  ordinary  carbine  transfomicd  into  the"itige," 
■■itli  a  ballet  like  that  the  French  originally  used  witli  tlieir  ^  tjge 
n9<;.  lite  piece  has  eight  grooveB ;  but  only  a  portion  of  the  men 
ill  ••Ath  company  are  armed  with  it.  She  bag  also  a  coniplieated 
lirvi'ili-lijailirg  rifle-iuuisket ;  as  also  Norway,  whose  military 
ftii ministration  remains  distinct  from  that  of  Swiden,  notwilh- 
ftandin^  tlie  union  of  the  two  countriea  under  the  same  crown. 
Tlic  buJlwtii  for  both  these  last  are  somewhat  einiilar,  being  elon- 

»^klud  xriih  a  girdle  cut  out  near  the  base.  Sweden  is  alsu  pre- 
paring a  larf^e  number  of  riiled  nitiskcle  with  the  culot  ball. 
ExiLA^D. — ^TIic  rifles  in  use  and  cx^jorimented  upon  in  Englaod 
■jc  of  B  great  many  different  kinds  and  calibers.  TJie  i>rineipal 
one  adopted  for  the  army  is  the  Enfield  riflc-niusket,  manufactured 
in  tliR  ^ivenimunt  establishment.  It  is  very  similar  to  our 
prewnt  rifle,  with  tliree  wide  grooves.  With  it  is  used  the  Prit- 
chi.-tt  bnllvt,  which  la  more  rounding  and  full  in  front  than  ours, 
and  bae  do  grooves.  A  culot  of  hard  wood  is  used  with  the  bullet, 
lu  pnilccl  ill*  form.  A  large  number  of  rifled  muskets  have  alsu 
been  (■rcpared  for  government  use, 

Tdi:  WiiirwoETii  rifle,  one  of  tho  principal  competitors  of  the 
CnfieJd,  baa  a  bore  witli  a  hexagonal  cross-section,  to  which  a 
twirt  of  two  tumf  in  the  length  of  ihe  barrel  (30  inches)  is  given. 
Tliis  fonnation  itii]>8rla  a  very  rapid  rotary  motion  to  the  projec- 
tile, wliieh  wa*  tirst  made  of  a  hard  alloy  of  lead,  tin,  and  man- 
panetc,  very  long  and  of  tho  same  cross-section  as  tho  bore,  only 
•lightly  rtiluced  of  ('ourse,  and  with  a  very  shallow  uavity  at  tho 
liMC,  to  aid  cxpantion.  Tlic  results  obtained  with  this  rifle  (which 
a  rnadv  of  Gtet;!),  botli  in  regard  to  accuracy  and  j)enetrBtion,  are 
Tfflry  rcniarkabU'.  Tito  velocity  of  rotation  imparted  to  the  bullet 
is  immgnee,  and  is  «aid  to  reach  15,000  revolutions  in  a  minute. 
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Tliis  must  necessarily  create  a  large  amount  of  friction  in  the  piece, 
and  a  great  development  of  force  in  the  powder,  necessitating 
more  strength  in  the  barrel ;  which  is  1  lb.  heavier  than  the 
Enfield,  both  being  of  the  same  length,  whilst  the  bore  is  much 
less,  being,  from  angle  to  angle,  0.49  in.,  and  from  side  to  side 
0.438.  The  diameter  of  the  Enfield  bore  is  0.577  in.  Strong 
objections  are  urged  against  the  Whitworth  as  a  military  arm,  on 
account  of  its  small  caliber ;  though  if  no  greater  fault  can  be 
found  than  this,  it  ought  not  to  be  condemned,  as  will  be  demon- 
strated in  discussing  the  rifles  used  in  Switzerland.  Another  bul- 
let, made  of  lead,  and  circular  instead  of  hexagonal  in  its  cross- 
section,  and  hollow  at  the  base,  has  been  adapted  to  this  rifle,  and 
is  now  being  experimented  upon.  It  is  proper  to  state,  in  refer- 
ence to  this  rifle,  that  the  composition  bullets  used  with  it  were 
very  accurately  cut  in  a  lathe,  to  fit  the  gun.  The  rapid  twist  in 
the  bore  (once  in  20  inches)  would  render  it  very  difficult  to  load 
after  becoming  foul,  much  more  difficult  to  keep  in  repair  and 
free  from  dirt  and  rust,  than  a  more  smooth-bored  piece.  Its 
superiority  over  the  Enfield  rifle  in  point  of  penetration  is  said  to 
have  entirely  disappeared  on  using  in  the  Enfield  a  similar  com- 
position bullet. 

The  artillery  carbine  is  a  piece  similar  to  the  Enfield  rifle- 
musket,  of  the  same  bore,  but  shorter  (2  feet),  and  is  used  for 
arming  the  artillery.  Tlie  Wliitworth  method  of  rifling  dates  as 
far  back  as  the  time  of  Louis  XIII. 

The  Lancaster  rifle  is  constructed  on  the  same  principle  as 
the  Lancaster  cannon,  but  is  not  by  any  means  so  signal  a  failure. 
The  bore  is  smooth ;  but  in  order  to  impart  the  rifle  motion  to 
the  projectile,  the  cross-section  of  the  bore  is  made  elliptical  or 
oval,  the  major  axis  being  only  .005  of  an  inch  greater  than  the 
minor ;  so  that  the  bore  being  given  a  certain  amount  of  twist, 
imparts  it  to  a  projectile  of  the  same  cross-section,  or  one  cylin- 
drical in  shape  and  expanded  in  the  bore  on  the  usual  principle. 
The  "gaining  twist"  is  used  with  this  rifle,  and  it  has  been 
reduced  from  one  turn  in  3  or  4  ft.  to  one  in  6  ft.  6  in.  The 
grooves,  so  to  speak,  offer  less  opposition  to  the  action  of  the  pow- 
der than  in  an  ordinary  rifle,  and  the  ball  is  less  liable  to  "strip ;" 
but  the  irregular  form  imparted  to  it  is  objectionable,  although 
the  accuracy  obtained  with  this  rifle  is  said  to  be  very  satisfactory. 
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''  o  bnUeta  first  usotl  wi-re  of  a  form  to  fit  the  Lore;  but  tbey 
i'e  ernce  Vicen  made  like  tlie  ordinary  expanding  projectiles, 
ij  i\cpcnd  for  tlie  rifling  upou  the  expansion  acquired  on  the 
iylu«inn  tif  tliu  powder. 

Frasce,  originally  one  of  the  most  backward  powers  in  arm- 
ing \n;r  troops  with  the  rifle,  stands  now  probably  the  first  in 
cxp*.Ticiice  tt«d  efficieocy  in  that  ann. 

Drlin*fn€,  by  placing  a  chamber  nt  the  bottom  of  the  bore  of 
%a  i.rdiiiary  rifle,  and  making  use  of  it  to  force  the  ball,  dropped 
1. .  .^-\_v  into  the  bore,  did  away  with  Me  great  objeL'tiun  to  the  nee 
.■f  riile*  in  wAr,  ihe  difficulty  of  loading  tliem,  and  gave  an  impe- 
tu*  l<.>  investigations  with  regard  to  the  arm,  which  has  created  a 
pcrfn^t  revolution  in  the  system  of  arming  infantry,  by  leading  to 
Ibc  present  effiL-ient  weapon.  This  improvement  led  to  the  adop- 
tion, in  lS-t2,  in  the  French  army,  of  the  chambered  carbine  and 
rmuipart  riflomntket  firing  spherical  balls. 

TTtovrftiin  soon  followed  with  his  improvement  of  the  stein 
(tip?i  in  pIiM-u  of  tlic  chamber,  which  led  to  the  adoption  of  the 
e-inif'-nf  (i  tifft  for  the  chasseurs  in  1853,  in  which  elongated  pro- 
jwtilrt  were  early  tried  (solid  at  tlie  base  and  with  tliree  groove), 
»tt]i«flnfrge«ti'jn  of  Delvigne,  though  the  bullets  were  found  to 
nirreed  bvlti*r  In  this  ann  than  in  hie,  in  which  they  had  been 
tried  tome  years  before  in  Africa.  Tliis  oflicer,  it  appears,  was 
the  finit  of  recent  date,  in  Franco,  to  announce  the  fact  that  such 
bulleta,  hollowed  at  the  base,  were  expanded  by  the  action  of  tlie 
g*E,  and  forced  into  the  grooves;  though  no  practical  results  seem 
tti  liftve  flowetl  from  the  discovery  until  some  time  in  ISJ?,  when 
C»pt.  Jtfin//Buggefltod  his  iron  cnlot  in  tlic  base  of  the  bullet, 
which  wax  fiiund  to  force  it  aswell,  if  not  better,  llian  tlie"ligc;" 
ind  *'Hin  nfterwards  the  culot  was  left  out  altogetlier,  and  the 
projcclilo  was  forced  on  the  principle  announced  aa  a  discovery 
fuarvHars  Iwforc,  by  Capt,  Delvigno,  It  would  appear,  there- 
fore, that  Slinic  is  not  without  competitors  for  the  honor  of  this 
hnpiirtant  invcutiuD ;  for  Col.  Tiiiroux  claims  to  have  stated  the 
Mune  method  for  forcing  rifle-buUefs  in  1S45;  and,  in  England, 
Mr.  Grevncr,  after  in  vain  besieging  tho  ordnance  department  for 
I  liiAring.  luiiKiunced  the  same  thing  in  1^41,  six  years  before 
Uinii!-,  uid   two  before  Delvigne.      Mr.   Greener's   priority   of 


invention  has,  he  says,  been  admitted  both  by  the  Emperor  Napo- 
leon, and  his  own  government ;  though  there  is  no  reaaon  to  eup- 
poee,  aa  Mr.  Greener  does,  tliat  MM.  Delvigne  and  Minic  copied 
from  him ;  for  tlie  real  fact  is,  tliat  the  idea  of  elongated  expansive 
bullets  was  no  new  one  in  France,  or  even  in  England,  as  nnentioQ 
is  made  of  thera  in  both  countries  at  a  much  earlier  date.  Mini6, 
an  energetic  and  observant  lieutenant  of  chasseurs,  was  fortunate 
in  making  a  well-foimded  suggestion  at  a  time  wlien  the  arm  and 
the  different  elements  of  a  syetem  were  in  the  most  favorable  con- 
dition for  deriving  benefit  from  euch  an  idea ;  and  Capt.  Mini£  is 
certainly  entitled  to  all  the  credit  which  attaches  to  the  success  of 
his  suggestion  in  the  adoption  of  the  now  universally  denominated 
Miuic  bullets. 

Tliis  discovery  caused  the  stem  to  be  at  once  dispensed  with 
as  useless,  the  Mini6  rifle  (».  e.,  an  ordinary  rifie  of  any  kind 
firing  a  Miuio  bullet),  became  the  favorite  of  the  new  arms, 
and  the  smooth-bored  musket  was,  by  the  simple  operation  of 
rifling,  transformed  into  the  long-range  rifle  (fuBil-ray6)  of  the 
imperial  guard,  and  is,  as  in  most  other  armies,  rapidly  extend- 
ing itself  as  the  arm  of  tlie  troops  of  the  line. 

SwrrzERLAHD. — Of  all  the  countries  of  the  old  world,  this  is 
pre-eminently  the  country  of  the  rifle.  With  an  unrestricted 
right  to  bear  arms,  her  citizens  have  long  been  celebrated  for 
their  shooting-matches  and  proficiency  in  the  use  of  what  may  be 
called  their  national  arm ;  and  although  we  may  not  expect  to  firid 
among  them  a  superlative  military  rifle,  it  is  natural  to  look  for 
one  possessed  of  very  superior  qualities  for  the  use  of  a  detached 
marksman.  Cubim 

The  new  federal  carbine  is  of  a  quite  recent 
origin,  having  been  adopted  in  1851,  after  a  series 
of  experiments  by  a  military  commiBsion,  and  is 
remarkable  for  its  range  and  accuracy,  its  small   I 
calibre  (O.i  in.),  and  the  peculiar  form  of  its  bul- 
let, which  weighs  but  257  grains,  and  is  formed  ' 
as    represented    in    Fig.  "iS.      Tlio    remarkable 
results  of  this  rifle  fired  witli  C2  grains  of  powder  will  be  seen  by 
the  following  table. 
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V  This  ann  was  eompared  with  many  other  riflee,  and  found  to 
HtaTc  Jk  iiiark'c'tl  eitperioritj'  over  all  of  them  in  accuracy  ;  the  tra- 
t  Jwtorj-  with  t!ie  Wuratemberger  bullet  being  much  more  flattened 
iban  willi  either  the  French  rifle  with  a  culot  ball,  the  Bava- 
riku  rifle  k  tige,  or  the  Swiss  carbine  when  a  spherical  ball 
mi  tiAed.  The  groovee,  eight  in  number,  were  narrow  and 
rounded  ;  and  bo  eatisfactory  were  the  rusiiltB  that  the  piece  was  at 
once  adopted  by  the  Swiss  government.  Ilie  ball,  which  is  used 
with  a  patrh,  is  tb«  invention  of  Col.  Wurstemberger,  of  the 
EwiM  artillery. 

TliK  riflo-iiiuskot  adopted  soon  afterwards,  is  of  the  same  cal- 
iber u  tlic  carbine,  bnt  has  only  four  grooves,  and  carries  a  ball 
■  of  the  Rnmc  weight,  though  eoniewhat  difi^erent  in  fomi.  Fig.  78. 
Thi*  piece  was  compared  with  a  number  of  others  of  different 
roontries,  and  still  maintained  its  superiority,  though  slightly 
leu  in  accuracy  and  penetration  than  the  carbiuo  first  adopted. 

To  determine  whether  the  bullet  was  large  enough  for  practical 
parpo«4»,  experiments  were  made  by  firing  at  the  body  of  a  horse, 
Icnockcd  on  the  head  just  before  the  firing  commenced  so  that  the 
IiIiknI  and  warmth  of  the  body  were  retained  during  the  course  of 
the  experiments ;  which  resulted  in  completely  demonstrating  tlie 
perfect  capacity  of  tlie  rifle  for  disabling  an  enemy  to  the  degree 
rviuin^  on  the  field  of  battle. 

ArnvtA,  like  most  of  Germany,  bas  always  been  very  mnch 
ia  &vor  of  tlie  nae  of  rifios ;  and  as  soon  as  the  invention  of  Del- 
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rizTjt  \/kXsisk  kzri-^TT.  siiie  ftio^xed  h  somewhat 
i!»iridi  hj  Bsni'd  Aiiz^sa^ic.  ss=^  vhh  this  Del- 
TijiLfr- Auoitin  rif <&  x  rr^»ir^:i^«i^}Qo5dil  ball  with 
a  girdle  C3t  ocLt  «i>f  t^  cylzbirieal  f  art«  Fig.  79. 
It  i*  a  Terr  larze  calii^e  '•i'.T  r:i.\.  and  has  19 
grxpTes:  ar.i  tLvjGgr:  the  l^rrel  £$  vqIt  about  26 
T^JTaT"""   iiirfies  l«ig,  the  arm,  without  the  baT<»i€t,  wdgliB 

Refixd-Mctkit- — ^la  1S55,  she  adapted  for  her  in- 
fantry of  the  line  the  ri^ed-mnsket,  and  one  cartridge 
for  all  email  armsw  the  ball  being  the  Loienz«  or  modi- 
fied Wilkinson  balL  weighing  4o<}  grains^  Fig.  80. 
The  barrel  has  four  wide  grooves  equal  to  the  land, 
making  one  torn  in  S3  inches,  and  is  37  inches  long. 
Fig.  8iX 

The  rifle  a  tige^  which  has  now  replaced  the  Delrigne  in 
the  chasseurs,  is  used  in  those  corps  at  the  same  time  with  rifles 
from  which  the  tige  is  removed,  the  former  being  giren  to  the 
non-commissioned  officers,  3d  rank«  and  the  best  marksmen  in  the 
battalion,  and  have  hausses  regulated  to  1200  paces.  The  others, 
which  differ  onl  j  in  the  absence  of  the  tiga,  are  regulated  only  to 
1000  paces.  These  rifles  differ  from  the  rifled-musket  only  in 
being  shorter  and  having  a  different  bayonet  They  are  all  of 
.55  calibre.  Tliey  have  been  found  very  accurate ;  but,  strange  to 
say,  the  rammer  is  carried  separated  from  the  piece,  which  is  very 
inconvenient. 

Bavaria  adopted,  in  1848,  a  rifle  d  tige,  or  rather  three, 
the  bores  of  which  differed  slightly  from  each  other,  and  all  are 
UBcd  in  the  same  corps.  Three  different  sizes  of  balls  were  required. 
When  the  grooves  of  rifle  No.  1  became  worn,  the  piece  was 
rcpoliahcd  so  as  to  increase  it  to  caliber  No.  2 ;  and  this  operation 
performed  on  No.  2  produced  the  caliber  No.  3.  The  rammer  had 
at  its  upper  end  a  wooden  knob,  to  assist  the  men  in  forcing  the 
ball  on  the  tige ;  and  the  rammer,  as  in  the  case  just  mentioned  in 
the  Austrian  service,  was  carried  separate  from  the  piece,  tied  to 
the  powder-flask. 

In  1852,  a  new  model  of  the  tige  rifle  was  adopted,  carrying  a 
ball  very  similar  on  the  exterior  to  our  present  rifle-ball.  Tliis 
I)icce  was  provided  with  a  hausse,  so  arranged  as  to  correct  the 
error  arising  from  the  "  drift,"  an  invention  of  Capt.  Minie.    The 
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HHber,  ma   11   rises,  ia  made  to  follow  a  groove  formed  in  the  left 
ImnA  upriglit  of  the  liantiso,  eo  that  at  each  elevation  the  eigliting 
:  ■•■f\\  i*  carried  to  the  left  a  distance  correepontJing  to  the  dcvia- 
1  -a  to  tUe  rtglit  reeulting  from  drift. 

Tlie  firing  of  this  pie<!e  waa  very  accurate. 

Beuihtm,  bo  celehrated  in  the  roilitarj'  world  for  her  thorongh 

awl  Y>racti«;al  investigations  into  queations  relating  to  the  toilitary 

art,  p«*84»6es,  in  her  manufacturing  estahlishment  at  Leige,  where 

many  European  states  have  anna  made,  great  faeilitice  for  taking 

advBittage  of  every  improvement  which  appears.     She  adopted 

the  llelvtgne  rifle  almost  at  the  same  time  as  France,  and  has  ever 

once  kept  up  her  experiments  in  euch  a  way  as  to  remain  second 

to  no  nulion  in  licr  improvements,  and  in  some  things  far  ahead 

of  all. 

Her  rifle  il  tige  differs  hut  little  from  the  one  adopted  in 
Fnvnce,  and  carries  a  hullet  similar,  on  the  exterior,  to  that  need 
in  cmr  service,  ihc  ciiliber  being  llie  same  as  onr  altered  musket, 
0,69  in. ;  but  the  ball,  being  solid,  is  somewhat  heavier  than  ours 
(75«— 730=26  grs).  The  grooves  are  i  in  number,  as  in  the 
Frvneli  rifle. 

The  riflcd-mnsket,  adopted  soon  after  MiniiS's  in- 
vention, dfies  not  differ  essentially  from  the  corre- 
sponding French  arm,  and  is  of  the  same  caliber  as 
the  precoctmg  piece.     Tlio  bullet,  however,  is  not 
Vinic'i,  hut  the  invention  of  one  of  the  workmen  in 
thu  Livge  areeiiHl  (Pcctuni),  and  is  somewhat  lighter 
than  the  bullet  for  the  rifle  a  tigc,  in  consequence  of   i 
the  cavity.     (See  Fig,  81.)     Tliis  arm  is  somewhat         Fi?.ei. 
Miwrior  in  accuracy  to  the  rifle,  and  is  adojjtcd  for  all  tlie  Bol- 
^lAn  infantry. 

DiEirMi.NK  liad,  as  early  as  1^29,  some  of  her  troops  armed 
vith  riflea,  firing  Hpherical  balls.  But  little  is  published  in  regard 
Ui  hw  present  armament.  tJiongh  she  has  used  cylindro-conoidal 
bullets  in  cotif^iderable  <{uanttties. 

tlirLEn  Caskok. — Tiio  importance  of  applying  the  rifle  prin- 
d]ile  tit  guiw  of  [arge  calibre,  Je  too  evident  to  nood  any  explana* 
tion;  and  many  and  various  have  been  the  attempts  made  to 
«ori!<cd  in  it,  hut  up  to  the  present  without  any  degree  of  cer- 
tainlT,  although  mui-h  progress  has  been  made.  Tlie  importance 
Iff  the  quedti.m  is  much  enhanced  by  tlie  fact  that  the  moment  a 
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»':*vi^=^fil  jhui  Is  •iist^/veriiii,  riie  zreat  prtjolem.  or  (ZommseLoa  and 
;»i;."^';.-*>i«;n,  ^h^iiL^  I*  *«'jlvetL  Thar  a  ^xtlv  wiH  sotjuer  or  later  be 
'..,-is.-*r^i-  iiere  iiaa  be  bii:  lizzie  li-jabc 

r>irjr^  pr^j-ictf.es,  befni'  maiie  oc  Lr»:tu  cannot  ot*  course  be 
i,r*j^i  It.z*'}  the  jro«>vea  or  a  g-in  like  cLe  leoiien  ball  ot  anall  annsw 
Al.  prvj^sctiles  deftijii'i'i  tor  rldai  cann-.^a  are  elocurated  in  shape. 
?^>r.v;  :^7i5  been  ma»"ie  with  spiral  grxr^es,  or  pnij^jctioiifiv  on  the 
*•  «?vsr "  ♦arfwre.  through  which  the  gas  a&  it  rushed  produced  the 
TtTAtrj  m.vclon  ;  others  have  tliese  gro«>Tes  on  the  fore  part  of  the 
:^y.\.  %xA  the  r'/Catii^n  is  proiluced  bj  the  action  of  the  air  on 
::*eT«  aA  the  l>all  moTes  forward  :  bat  althoo^  the  effect  was  pro- 
^G/;ed  bv  these  two  methods  in  a  slight  decree,  the  force  of  rota- 
t'>yr<  'leveloped  was  not  saiGcient  to  insore  the  direction  of  the 
baJi  With  anr  certaintv. 

Attempts  have  been  made  to  cast  on  the  outside  of  the  crlin- 
dn<';ai  part  of  the  shot  some  softer  metaU  such  as  lead,  or  compo- 
sition, to  ''iak^''*  the  grot>ve  and  give  the  neeessarr  rotation ;  but 
it  \iHiH  invariablv  been  found  that,  althou<rh  these  metak  take  the 
gr^/^ive  at  first,  thej  are  immediately  torn  to  pieces  and  off  the 
iron  jrtirt  of  the  shot  bv  the  force  of  the  powder.  The  increase  of 
force  in  jK^wder  cannot  be  calculated  upon  like  any  other  motive 
power ;  and  bfx;ause  a  leaden  projection  of  0.01  in.  will  hold  in  iti 
position  a  common  rifle-ball,  say  of  2  oz.  in  weight,  when  acted 
on  by  fK>  grs.  of  powder,  it  does  not  follow  that  the  same  effect 
will  be  produced  when  these  elements  are  increased  a  hundred 
times,  much  less  when  they  are  increased  a  thousand  times.  This 
is  the  r;ommon  mistake  in  a  great  many  inventions  of  the  day. 
Lar^c  breech-loading  guns  are  constructed,  with  no  other  protec- 
tion against  tlie  escape  of  gas  than  is  used  with  a  breech-loading 
riflt*.  Such  inventions,  many  of  them  very  ingenious,  must  fail, 
from  the  simple  reason  that  they  are  not  so  calculated  as  to  witli- 
staiid  tlie  tchts  to  wliieh  they  must  be  submitted  in  service. 
]}re(Mjh-loading  cannon,  liowever,  have  been  made  to  work  suc- 
ei^HsfulIy  for  a  time,  like  that  of  Col.  Cavalli ;  but  they  are  gener- 
ally too  complicated  for  active  service. 

Several  were  recently  cast  at  the  West  Point  Foundry  for  the 
EtiKlittli  government,  the  breech-piece  of  which  alone  weighed 
B(!veral  tons,  and  was  moved  in  and  out  by  means  of  machinery. 
No  favorable  report  lias  ever  been  received  of  them. 
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Ke  "Freneli  liare  long  lieun  maliing  experiments  upon  a  can- 
1  ■with  Xrvfi3  grooves,  baviiig  an  elongated  projectile  witli  huttona 
n  the  Hides  to  tit  into  tlicse  grooves ;  and  similar  pieces  have  been 
1  in  tins  country  at  Fort  Monroe  and  West  Point;  the  pieee 
t  tlic  latt«r  place  bursting  after  a  few  ronnds.     Increased  range 
land  ftccnrooy  ireem  to  be  attained,  but  no  dependence  can  be 
i  on  them  for  any  lengtli  of  time. 
The  English  Lancaster  gun,  which  was  brought  prominently 
C^tD  notice  some  time  ago,  seems  now  to  have  proved  a  failure  and 
IrftUen   entirely  into  disuse.     To  convey  some  idea  of  the  fonn 
fi^bore,  let  n&  suppose  a  right  cylinder,  with  elliptical  bases 
1  ftt  one  end  so  it  cannot  move  with  the  longest  axis  of  the 
■  In  a  tiorizontal  position.     Twist  the  free  end  of  tlie  cylinder 
ferouod  until  tlie  longest  axis  of  that  base  is  in  a  vertical  position. 
Till*  will  represent  the  bore  of  the  Lancaster  gun,  whose  cross- 
faction  will  show  two  grooves,  so  to  speak,  but  so  gradually 
merging  intotheboreastobescarcely  discernible.     The  projectile 
vac  dongnt^'d  and  ellipsoidal  in  shape,  to  fit  the  bore.     The  rifle- 
motion  ill  produced,  bnt  not  always  with  certainty ;  and  the  pieceB 
anj  very  liable  to  burst,  probably  from  the  projectile  becoming 
jtutiiiied  by  a  little  oblicjuity  in  the  bore.     Tlie  same  principle 
hm  been  applied  to  small  arms,  with  much  better  success. 

The  mo6t  eatisfactory  results  yet  obtained  in  this  country  are 
from  a  projectile  invented  by  Dr.  Reed,  of  Alabama,  in  which 
the  Hiniti  principle  is  used,  by  attaching  a  cup  of  wrought  iron 
to  the  back  part  of  an  elongated  projectile.  By  the  expU«ion  of  the 
powdiar  the  malleable  inm  is  forced  into  the  grooves  of  the  gun, 
and  die  iJiot  is  rifled  perfectly,  if  the  connection  between  the 
vroRgbt  and  cast  iron  hohh.  Tliis  has  been  the  great  difliculty; 
hot  recent  experimenls  seem  to  show  that  it  has  beCn  overcome- 
In  the  first  libot  ma<^lc  the  cup  was  of  the  form 
rrpnaentt-d  in  Fig.  S2,  having  a  round  hole  in  the 
bottom.  Tills  was  placed  npt^ide  down  in  tlie  bot- 
tom of  the  mould,  and  the  melted  metal  pounxl  in,  j 
hot  prcvent<>d  by  a  core  from  filling  any  more  of  tlie 
cup  than  to  a  certain  dUtance,  as  a.  Tlie  wrought  ' 
iron  was  thna  firmly  imbe<Ided  in  the  cast;  hut  n«M. 
wticD  fired,  it  was  found  tliat  the  caet  iron  in  front  of  the  cup  « 
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split  off  as  represented  hj  the  broken  lines  in  the  figure,  releasing 
in  a  measure,  the  bottom  rim  of  the  cup,  and  separating  it  from 
the  shot.  It  was  found,  too,  that  where  the  cup  was  welded  on 
the  side,  the  parts  were  forced  apart  by  the  powder.  In  one 
case,  when  the  cup  had  been  made  very  shallow,  and  its  rim  pro- 
jected only  about  J  in.  beliind  the  cast  iron,  the  whole  cup  came 
off  in  the  gun,  sticking  in  the  grooves ;  showing  enough  metal 
had  not  been  allowed  to  run  in  to  hold  it,  but  showing  also  how 
well  the  rifling  was  effected. 

To  remedy  these  defects,  the  cup  was  made  with 
an  entire  bottom,  and  then  several  holes  bored  in, 
through  which  to  allow  the  passage  of  tlie  metal. 
The  cast  iron  was  cut  away  around  the  shot  in  front         Rg.  ^b. 
of  the  cup,  so  as  not  to  allow  a  bearing  surface  to  push  off  the 
pieces.    This  was  a  great  improvement,  but  still 
does  not  succeed  as  perfectly  as  it  should  ;  and 
further  experiments  are  being  made,  to  work  out 
the  little  details,  such  as  thickness  of  iron,  &c.,  to 
make  it  as  perfect  as  possible.    The  cup,  instead 
of  being  welded  as  before,  is  punched  by  machin- 
ery out  of  a  flat  piece  of  sheet  iron,  and  is  found 
to  answer  much  better.    The  shot,  asimproved,  is 
represented  in  Fig.  84. 

A  little  further  improvement  has  been  made, 
on  which  experiments  are  now  taking  place. 
Tliis  consists  in  forming  the  projectile  and 
wrought  iron  cup  as  represented  in  Fig.  85, 
which  shows  the  form  of  a  12  pdr.  shell.  Tliis 
construction  gives  even  more  satisfactoiy  results 
than  the  preceding ;  and  it  is  thought  that  with 
some  changes  in  the  method  of  rifling  the  gun, 
more  perfect  ones  will  follow. 

It  is  found,  in  using  these  shells,  that  they  do  not  at  first  take 
the  grooves,  but  appear  to  slide  sideways,  sometimes  as  much  as 
an  inch  before  the  inclination  to  go  straight  out  is  overcome  by 
the  resistance  offered  by  the  part  of  the  cup  expanded  into  the 
grooves,  which  are  broad  and  three  in  number.  It  is  thought, 
from  this,  that  more  grooves  are  necessary,  and  that  they  should 
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k  increaecd  in  nuraber  bs  the  caliber  of  the  piece  increases.* 
llu  projectiles  vary  iu  form  eomcwhat  for  different  Bized  pieces. 

Experimeiitji  have  recently  been  carried  on  with  an  oblong 
Ktn  b»Il  having  a  recess  cut  from  the  cylindrical  part.     In  this 

0  a  coating  of  lead  is  cast,  on  tlie  outside  of  which  is  Beeured 
"k  covering  of  canvas  designed  to  prevent  the  grooves  from  lead- 
ing. Channels  lead  from  the  rear  of  the  shot  obliquely  into  the 
neesB,  bo  that  when  tlie  charge  is  fired  the  gas  passes  through 
them  under  the  lead  coating,  swelling  this  out  and  forcing  it  into 
the  grooves,  and  imparting  the  rifled  molion.     This  projectile  is 

1  to  have  given  verj'  accurate  firing  with  a  12-pdr.,  tlie  largest 
I,  it  is  believed,  with  which  it  has  as  yet  been  tried.     It  has 

*  same  objection  that  has  been  urged  against  all  compound 
lOt,  viz.,  tliat  the  Eheathing  will  break  loose  either  before  or 

■  leaving  the  gnn,  and  the  projectile  will  not,  therefore,  be 
Ititsble  for  firing  over  the  beads  of  our  own  nien.f  It  ia  more 
I  probable  that  when  [his  projectile  is  applied  to  pieces  of 
B  caliber,  the  lead  will  not  prove  strong  enough  to  produce 
B  neceaaary  rotation.  In  connection  with  this  subject,  it  may 
t  well  to  remark  that  shells  made  on  Dr.  Heed's  plan,  with  cups 
tlMtd^  succeed  very  well  with  pieces  of  small  caliber. 

Tub  Akmstrong  Gun. — Great  importance  has  recently  been 
livon  in  England,  to  this  newly  invented  piece,  which  has,  so  far, 

1  made  of  only  two  calibers,  both  small,  viz.,  2^  and  3^ 
iches.     From  such  information  as  has  reached  this  coimtr^',  tlioeo 

KM  seem  to  have  met  with  remarkable  success  both  as  regards 
uigD  and  accnracy.  No  very  detailed  and  authentic  description 
t  the  gnn  has,  however,  as  yet,  been  received ;  and  hut  from  the 
ihe  fact  of  so  much  importance  being  attached  to  tlio  invention, 
and  the  knighting  of  the  inventor,  it  might  appear  prcmatnro  and 
out  of  place  to  venture  any  opinion  or  description  of  it. 

It  appears,  from  the  imperfect  descriptions  received,  to  be  a 
li-toading,  "bnilt-up"  gun;  the  central  portion,  or  part 
ind  the  bore,  being  formed  of  a  steel  tube  bored  out  and  rifled 

*  Tbi*  oluitiK*  luu  alaon  h<<in  effect^,  and  Ilia  ahoUa  arc  now  no  lonf  or  fotLnd  to 
p,  iMit  lak*  Uia  gTontM  pcrfenlly,  lad  in  conicrgueDcc,  Ui«  •eciuncy  of  fire  is  cor- 

■adlngly  hoproTcd. 

(  f^MlQc*  HmnM'  Ui  tlia*  luTB  bren  (xpi-rlnieDUil  iipuo  bvlb  iu  Fiinre  ud 
1,  anil  r«j«at«d  prlBclj«11y  on  Hi'n  nccouiil. 
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with  forty  grooves,  making  one  turn  in  twelve  feet.  This  tube  is 
wrapped  spirally  with  wrought-iron  overlapping  and  welded 
together,  and  outside  of  this  is  another  wrapping  in  the  oppo- 
site directioii  and  welded  like  the  other;  these  outside  tubes 
being,  in  fact,  formed  exactly  as  are  the  barrels  for  small  arms. 
The  objections  to  this  kind  of  a  barrel  for  large  cannon,  have  been 
noticed  elsewhere,  and  it  is  not  deemed  necessary  to  repeat  them 
here,  with  tlie  exception  of  remarking  tliat  the  more  the  mass  of 
metal  is  increased,  the  greater  will  be  the  difficulty  of  welding 
properly,  and  although  the  plan  may  succeed  well  for  light 
guns,  it  by  no  means  follows  that  it  will  be  equally  successful  for 
large  ones. 


Fig.  88. 

By  referring  to  Fig.  86,  the  method  of  loading  at  the  breech 
will  be  seen.  In  rear  of  the  bore,  and  extending  to  the  end  of 
the  piece,  is  a  threaded  opening  into  which  fits  a  screw  with  its 
axis  perforated,  and  an  arrangement  at  its  rear  end  for  turning  it. 
In  front  of  this  screw,  the  metal  of  the  gun  over  the  bore  is  cut 
away  so  as  to  form  a  recess  to  receive  a  block  of  metal,  which  is 
lifted  out  by  handles  attached  to  it.  This  block  is  represented  in 
Fig.  87,  and  is  solid,  with  the  exception  that  the  ve^U  T  is  perfor- 
ated in  it,  opening  into  the  front  end.  This 
block  being  removed  from  the  gun,  the  pro- 
jectile is  placed  in  the  recess  and  rammed 
forward  into  its  position  by  a  bar  of  iron 
passing  through  the  opening  in  the  breech- 
screw.  The  cartridge  is  placed  in  in  the  same  way.  On  account 
of  the  crooked  vent,  the  cartridge  cannot  be  pierced  as  in  an  or- 
dinary gun ;  and  to  fire  it,  a  small  cartridge  is  placed  in  a  recess 
formed  in  the  front  end  of  the  block  (as  shown  at  D,  Fig.  87), 


Fig.  8T. 
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i;.i  fired  in  the  iieual  way  with  a  friction  tube.  Tliese  breecli- 
!--eks  are  fiirniRhed  in  duplicate,  one  being  with  the  gun,  the 
■Jier  carried  in  the  limber. 

If  ihu  breoch-block  is  now  placed  in  position,  and  forced 
L-Tiiitft  the  fnuit  ]>art  of  the  recess  by  the  breech-ecrew,  it  ie  evi- 
:<-nt  that  although  the  gas  will  be  partially  cut  off,  its  escape  will 
■  it  Imj  entirely  prevented.  To  prevent  entirely  the  escape  of  gae, 
t>lvantagc  is  taken  of  the  expansibility  of  a  softer  metal,  such  as 
r.  A  ring  or  sliort  cylinder  of  this  metal  is  let  into  the  rear 
I  of  the  bore,  and  forms  a  part  of  the  chamber  for  Uie  main 
i  of  powder.  By  tlie  explusiun  of  the  powder,  this  ring  is 
furced  into  the  joint  and  cuts  ulf  the  escape  of  gas. 

Auother  description  of  thia  gun  makes  no  mention  of  the 
and  breech-block,  and  merely  describes  a  solid  breech- 
'  which  ia  supported  after  it  is  withdrawn  on  a  slide  whidi 
I  Dnder  the  gun.  But  tJie  above  is  believed  to  be  a  correct 
ion  of  it,  aa  mention  is  made  of  an  accident  which 
I  in  firing  one  of  the  pieces,  from  the  breech-screw  being 
e,  and  the  block  blown  from  its  position. 
i  snppoBcd  that,  like  all  breech-loading  pieces,  the  chamber 
er  than  the  bore.  Tlie  shut  originally  used,  waa  covered 
ODgbont  wit)i  lead;  but  this  is  now  replaced  by  two  projecting 
i  (as  shown  in  Fig.  8G)  which  are  forced  into  the  grooves  as 
i  shut  moves  througli  the  bore. 
It  i«  stated  that  two  fuzes  arc  used  witli  these  projectiles ;  one 
Dtaincd  wholly  within  the  shell,  and  essentially  a  concussion 
e;  the  other  oommnnicating  from  the  outside,  and  partly  a  con- 
lion,  partly  a  time  fuze,  whicli  docs  not  depend  upon  the  fiame 
the  discharge  for  its  ignition.  In  the  latter,  fire  is  com- 
licatvid  to  the  composition  cohimn  by  means  of  a  small  qnan- 
'  percussion  powder,  which  is  exploded  by  tlie  impact  of  » 
I  itecl  bar  let  loose  by  the  force  of  the  explosion ;  tlio  point 
Jl  fire  is  communicated  to  the  column  of  composition  being 
Bted  by  a  cap  and  index,  probably  in  a  similar  manner  to 
Bt  hud  down  f(ir  the  Brcethaupt  fuzo. 

results  said  to  havo  been  obtained  with  tlie  Armstrong 

9  rury  remarkable    It  is  stated  that  a  rar^  of  9,6lK> yards 

(  been  ruaebed  ;  and  that  sliot  after  shot  may  be  dejwnded  on 

r  (tiiking  a  target  two  feet  Bi^uarc,  at  1,000  yards.     The  load- 

I  o(  tlie  piece  la,  however,  necessarily  slow. 
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It  is  scarcely  fair  to  condemn  an  invention  before  the  inventor 
has  had  full  opportunity  to  test  it  thoroughly ;  but  if  the  above 
proves  to  be  a  correct  description  of  the  celebrated  Armstrong 
gun,  it  is  doubtful  if,  taking  all  things  into  consideration,  it  will 
ultimately  be  found  to  possess  such  marked  superiority  over  all 
other  cannoA  as  is  claimed  for  it,  and  more  than  doubtful  whether, 
when  applied  to  guns  of  the  largest  calibers,  its  success  will  be 
any  thing  like  as  great  as  it  has  been  for  small  guns. 

Cavalli  Gun,  Fig.  88. — ^Tliis  piece,  invented  by  Col.  Cavalli, 
of  the  Sardinian  service,  has  become  somewhat  noted  in  Europe 
as  a  hreechrloading  rifle  of  some  success. 

Tlie  chase  of  this  gun  does  not  diflfer  essentially  from  the  usual 
form  of  cannon ;  but  at  the  breech  the  piece,  instead  of  being 
round,  has  the  four 
sides  planed  off  so 
as  to  present  from 
the  rear  an  appear- 
ance of  a  square 
with  the  comers 
rounded  off.  It  is 
bored  throughout 
its  length,  and  ri-  . 
fled  with  two  flat 
grooves  with  round- 
ed edges.  The  rear 
of  the  chamber  is 
enlarged,  and  these 
grooves  being  cop- 
tinued  through  it,  although  shallower  than  in  the  chase,  are  deep 
enough  to  receive  the  wings  or  projections  on  the  shot  and  hold  it 
up  till  it  reaches  its  seat  in  the  gun. 

Crossing  the  bore  at  right  angles,  with  its  front  face  perpen- 
dicular to  the  axis  of  the  piece,  a  wedge-shaped  opening  with  a 
rectangular  cross-section  is  cut.  It  is  for  a  32-pdr.  9.4  in.  deep, 
5.4  in.  wide  at  the  large  end,  and  3.7  in.  at  the  small.  This  open- 
ing receives  the  quoin  or  wedge  destined  to  close  the  breech  in 
rear  of  the  char|[p. 

The  wedge,  Fig.  89,  is  made  of  hardened  iron  or  steel,  and  of 
the  same  shape  as  the  part  of  the  opening  which  it  is  to  fit.  The 
wedge  shape  enables  the  bottom  of  the  bore  to  be  more  perfectly 
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,  and  prerenta  the  escape  of  gas,  whilst  it  also  enables  tlie 
U-pioce  to  be  more  easily  njored  after  firing.     Tbe  front  face 
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le  breech-piece  is  perpendicular  to  tbe  axis  of  tlie  piece,  whilst 

re*r  face  makes  with  it  an  angle  whose  tangent  is  l-Sth,  the 
icient  of  friction  of  tlie  hardened  iron  wedge  against  the  cast 
of  the  piece.     By  means  of  this  diepo^ition  and  keeping  the 

'ace«  in  contact  well  greased  or  moistenc-d  according  as 
jnirw),  the  hreech-picce  is  found  after  firing  to  be  more  or  less 
Bred,  at  the  same  time  that  there  is  no  danger  of  its  being 
■lied  too  far  or  tlirown  out  of  its  place. 

lite  breech-piecc  is  provided  with  two  handles,  which  serve  to 
Bdle  it  in  pushing  in  and  withdrawing  it  from  its  position.  Tbe 
tge  handle  placed  on  the  right,  is  of  eiich  a  size  that,  when  the 
eech  U  open  and  ready  for  the  charge,  the  projectile  can  be 
Wed  through  it,  the  lower  part  of  the  handle  supporting  the 
injectile,  and  gniding  it  through  the  breech  o]iening  into  the 
Mtnber.  To  Uie  large  handle  is  attached  a  ^mall  chain  and 
h>k,  the  latter  fitting  into  an  eye  ecrewed  into  the  top  of  the 
tenlng  on  the  right.  This  chain,  when  the  breech  id  being 
Kned,  arrcstfl  tlie  quoin  when  the  opening  in  tlie  largo  handle 
oppofiitc  the  bore.  "When  the  charge  ie  introduced,  the 
loer  on  the  left  pushes,  and  tl;c  ouc  on  the  right  pnUa  each 
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by  liis  handle,  and  the  quoin  comes  back  to  the  proper  position 
for  firing.  In  case  any  forcing  is  necessary,  either  for  this  or  to 
move  it  after  the  piece  is  fired,  a  mortise  is  formed  in  the  rear 
face  of  the  quoin  to  receive  the  square  end  of  a  large  iron  hand- 
spike. It  is  not  generally  found  necessary  to  use  this  lever  ex- 
cept for  the  last-named  purpose.  In  order  to  diminish  the  adhe- 
sion of  the  parts,  three  points  are  placed  under  the  lower  face  of 
the  quoin,  which  keep  the  quoin  at  the  proper  height  in  the  cut. 

Cut-Off. — ^To  cut  oflf  the  escape  of  gas,  a  ring  of  hammered 
copper  is  used,  similar  to  the  one  in  Armstrong's  gun.  The  cross- 
section  of  this  ring  is  about  one  inch  square.  A  recess  for  it  is 
cut  out  of  the  gun  at  the  rear  part  of  the  bore,  the  inner  diameter 
of  it  being  greater  than  the  outer  one,  in  order  to  retain  it  in  posi- 
tion. The  ring  projects  about  J  in.  behind  the  bore,  and  is 
pressed  against  by  the  quoin  when  in  position.  The  interior  dia- 
meter is  the  same  as  that  of  the  chamber,  and  corresponding 
recesses  are  cut  in  it  to  allow  the  passage  of  the  shot-flanges. 

Tub  Pbojeotile. — ^Two  projectiles  have  been  used  with  this 
piece,  both  oblong,  but  differing  in  the  front  part,  one  being  con- 
ical, the  other  ogee-shaped.  They  are  made  entirely  of  iron,  and 
have  two  flanges  or  wings,  properly  inclined  to  suit  the  grooves, 
and  extending  from  the  rear  to  a  short  distance  in  front  of  the  cyl- 
indrical part,  for  the  purpose  of  preventing  as  much  as  possible  the 
oscillations  of  the  projectile,  resulting  from  the  windage,  which  is 
not  destroyed  in  this  piece.  With  the  same  object  two  otlier 
short  flanges  are  placed  at  the  junction  of  the  cylindrical  and  con- 
ical portions,  just  thick  enough  to  allow  their  entrance  into  the 
bore,  leaving ybr  them  a  windage  of  .015  in. 

Loading. — ^The  quoin  having  been  pushed  to  the  left  until 
stopped  by  the  chain,  the  projectile  is  introduced,  with  the 
flanges  in  the  grooves,  and  pushed  in  with  a  rammer  until  a  stop- 
per on  the  handle  of  the  latter  strikes  against  the  breech,  and 
shows  the  shot  is  in  the  proper  position.  The  charge,  inclosed  in 
strong  paper,  is  then  pushed  in,  raising  it  slightly  to  pass  it  over 
the  connection  between  the  large  and  small  parta  of  the  ];)ore. 
After  tliis  a  cvlot  is  put  in.  This  culot  is  a  block  of  wood,  the 
outer  surface  of  which  is  turned  with  a  shoulder,  so  tliat  the  fr<»nt 
part  of  the  culot  enters  the  small  part  of  the  bore,  immediately 
in  rear  of  the  cartridge.    The  object  of  this  culot  is  principally  to 
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iv6  the  residue  of  the  powder,  and  teep  it  from  EoUIng  the 

Cftcc  of  the  quoin.     It  has  a  recees  and  thread  of  a  screw  in 

rear,  and  is  placed  in  the  gun,  and  taken  from  it,  by  screwing 

tilts  a  handle,  which  hae,  near  the  end,  a  E-ponge  used  to  wet 

purt^  when  loading.   The  culot  being  in  position  and  the  han- 

withdrawn,  the  qiioin  is  jerked  back  to  its  poeition  bj  the 

lookers  acting  on  both  the  handles.     After  the  piece  is  fired, 

qnoia  is  forced  back  with  the  handspike,  the  culot  withdrawn 

screwing  in  its  handle,  and  plunged  into  water  without  de- 

ehiDg  the  handle,  when  it  is  ready  for  the  next  charge.     The 

rta  should  all  be  well  washed  and  grcaeod  after  firing. 

C>vuUi  designs  this  piece  more  particularly  for  casemate  bat- 

y,  or  positions  M^here  it  can  be  protected  by  blindages  and 

r*ir»  of  different  kinds.     He  has  suggested  a  raetliod  of  covering 

from  au  enemy's  fire  hy  revetting  the  front  of  the  battery 

ib  ^uns  of  the  old  pattern,  with  thuir  muzzles  planted  in  the 

Hiiid  snd  sloping  backwards.     For  field  artillerj-  it  is  rccom- 

tided  to  use  rifled  guns,  but  not  with  the  breech-loading  ajipar- 

is.     TJie  French  rifled  gun  now  in  use  in  Italy  is  supposed  to 

foniL-thing  of  this  kind,  with  two  or  four  grooves  of  a  form 

kiUu*  to  those  used  in  the  Cavalli  gun,  but  merging  into  the  hore 

re  gradually. 

Fitexcti. — ^Tlio  French  hare  a  rifled  30-pdr.  (corresponding  to 

r  32-pdr.),  with  two  grooves.     Tlie  projectile,  which  is  oblong, 

ty  iiutead  of  wings  or  flanges,  two  huttons,  as  before  mentioned. 

icfte  allow  too  much  oscillation  in  the  bore,  causing  the  shot  to 

kI^Bi  and  cither  break  it,  or  burst  the  piece.     These  oscillations 

the  «hol  in  the  bore  probably  were  the  cause  of  the  deviations 

't)d  in  the  firing;  and  it  has  been  estimated  thatwitha  wind- 

of  0,070  in.,  the  angleof  departure  of  the  shot  may  be  changed 

and  the  lateral  deviation  reach  ,ij  of  tlie  range.     On  the 

hand,  too  great  a  re<luction  of  the  wiudage,  by  not  allowing 

icicnt  play  to  the  shot,  is  apt  to  cause  it  to  break. 

Beuiicu. — Recent  esperinients  have  been  made  in  Belgium, 

eU,  from  modifications  in  the  fonn  and  curve  of  the  groove, 

in  tlie  wings  of  the  ehot,  have  indicated  great  improve- 
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The  form  of  groove  first  used, 
Fig.  90,  was  too  open,  allowing 
but  little  support  to  the  buttons, 
and  permitting  them  to  twist  out 
and  break.  Tlie  dimensions  in 
the  figure  were  those  used  in  an 
18-pdr. 

The  form  used  by  Cavalli, 
Fig.  91,  is  considered  preferable 
to  the  other,  if  the  edges  where 
it  joins  the  bore  were  somewhat 
rounded  off.  The  depth  of  this 
groove  is  0.315  in.,  and  its  outer 
opening  1.26  in.  The  bottom  of 
the  section  is  an  arc  of  a  circle 
concentric  with  the  bore,  and  is 
joined  on  to  the  bore  with  arcs  of 
0.315  in.  radius.  The  width  of 
the  grooves  is  so  calculated  as  to 
give  sufficient  thickness  to  the 
wings  of  the  shot  to  resist  the 
force  of  the  charge.  The  width 
stated  (1.26  in.),  was  used  in  a 
30-pdr.  The  Belgium  18-pdr. 
groove,  although  greater  in  width  (2.048  in.),  caused  the  shot  to 
break,  in  spite  of  the  less  twist  given,  probably  from  its  defective 
form.  By  simply  increasing  the  width  of  the  Belgium  groove. 
Fig.  90,  and  merging  it  gradually  into  the  bore,  a  gun  similar  to 
Lancaster's  would  be  produced ;  and  it  is  more  than  probable  that 
the  same  cause  which  is  assigned  for  the  breaking,  of  the  projec- 
tile in  the  Belgium  gun  existed,  though  to  a  greater  extent,  in  the 
Lancaster.  The  groove  in  the  latter  gun,  however,  was  a  pro- 
gressive helix,  whilst  that  in  this  is  a  uniform  one. 

Pbojectile. — During  Cavalli's  experiments  with  the  30-pdr., 
the  wings  of  his  shot  were  partly  cut  off,  so  as  to  leave  them  only 
0.118  in.  long,  and  it  was  found  that  these  buttons  sustained  the 
force  of  the  powder  as  well  as  the  entire  wings.    The  Belgians 
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■rmed  Ui«r  first  shot  on  this  plan,  constructing  it  as  eliown  in 


.  1'2,  l>ut  making  the  outer  side  of  the  button  a  curved  surface 
1  tioth  dircotione,  so  that  hut  a  few  points  in  each  came  in  con- 
^k  with  the  {^m,  the  M'indage  allowed  the  huttons  being  0.079 
^Hriie  shot  mijveil  freely  about  in  the  gun,  and  did  not  give  as 
■d  resulto  aa  Cavalli^s  &hot. 

In  order  to  steady  the  shot  in  the  hore,  it  is  suggested  by  Capt. 

iilUoo,  of  tile  Belgian  artillery,  to  construct  it  as  represented  in 

i  93,  with  two  or  four  pairs  of  bnttons  ]>laced  on  the  front  and 

Mliof  the  cylindrieftl  part  of  the  shot.    Two  pairs  would 

ftnore stability  than  two  siugle buttons;  and  by  placing  four 

t  in  the  gun,  and  fonr  pairs  of  huttons  on  the  sliot,  still 

r  steadiness  would  be  attained,  and  the  pressure  against  tlie 

I  more  uniformly  distributed.     Tlie  form  and  dimcnsiooB 

e  bnttons  are  sufficiently  explained  by  the  figuru. 
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Grooves. — ^The  experiments  in  Belgium  have  developed  certain 
facts  in  regard  to  the  kind  and  length  of  helix  most  appropriate 
for  rifles,  which  are  of  great  importance.  The  velocity  of  rota- 
tion is  directly  proportional  to  the  caliber  and  the  velocity  of 
translation,  and  inversely  as  the  length  of  the  helix.  The  velocity 
of  rotation  in  the  bore  increases  progressively  from  the  action  of 
the  velocity  of  translation,  which  makes  the  shot,  in  equal  times, 
pass  over  portions  of  the  helix  which  become  more  and  more 
extended  as  it  approaches  the  mouth  of  the  piece,  at  which  point 
it  has  its  maximum  velocity.  After  the  shot  leaves  the  piece,  the 
velocity  of  translation  diminishes  very  fast,  whilst  that  of  rotation 
does  so  much  more  slowly,  and  this  fact  may  enable  both  direct 
and  ricochet  firing  to  be  successfully  made  from  the  same  piece ; 
in  which  case  the  inclination  of  the  groove  should  be  so  regulated 
that  the  smallest  charges  would  produce  the  necessary  amount  of 
rotation,  and  the  largest  ones  not  be  destructive  either  to  the  piece 
or  its  projectile.  For  a  piece  to  be  used  only  in  direct  firing,  the 
helix  should  be  such  as  to  insure  only  the  amount  of  rotation 
necessary  to  direct  the  shot,  in  order  that  the  grooves  may  be  as 
little  injured  as  possible. 

There  can  be  no  doubt  that  each  piece  has  a  certain  length  of 
helix  with  which  it  will  give  more  favorable  results  than  with  any 
other ;  but  experiment  goes  to  show  that  a  considerable  variation 
can  be  made  from  this  particular  length  without  producing  any  great 
differences  in  the  results.  It  was  first  laid  down  as  a  law  that  the 
length  of  helix  for  different  calibers  should  be  proportional  to  the 
calibers,  and  consequently  that  when  once  the  best  length  for  any 
particular  caliber  was  determined,  the  length  for  any  other  piece 
could  be  calculated ;  but  this  law,  as  it  leaves  out  of  consideration 
two  important  circumstances,  is  not  exactly  correct. 

1st.  The  difficulty  which  the  projectile  experiences  in  following 
the  grooves,  increases  in  proportion  as  the  calibers  increase,  since 
there  is  at  the  same  time,  with  equal  initial  velocity,  an  increased 
moving  force  both  of  translation  and  rotation. 

2d.  The  moving  force  of  rotation  will  be  preserved  in  direct 
proportion  to  the  size  of  the  caliber,  since  the  resistance  of  the  air 
acts  in  direct  proportion  to  the  surfaces,  and  in  inverse  proportion 
to  the  volumes  of  the  projectiles. 

Hence  it  follows : — 

1st.  That  the  velocities  of  rotation  of  similar  projectiles,  of 
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at  caUl>er&,  will  lie  to  each  other  iuvereely  as  the  calibers  j 

.  Tlittt  tljo  incliiialion  of  the  helices  *ill  be  proportional  to 

*rvatior>  of  the  velocities  of  rotation. 

J  lengtlis  of  the  helices  will  be  to  each  other  as  the  a^area   < 

J  calibers-     Tliis  appears  to  be  more  coiTeet  than  the  bj-po- 

l  law  firfct  stated. 

J  deinoti&lrate  tliia  fact,  call  7/and  h  the  lengths  of  helices 

Bi,wo  pieces,  whose  calibers  are  U  and  d;  a  a'  the  angles  of 

latlon  of  the  helices  npoa  the  develoiicd  surfaces  of  the  bores. 

Y        V 
1  V  to  be  the  initial  velocity,  in  both  cases,  -j-  ^'"J"r  ^''^ 

nt  the  number  of  turns  per  Becond  made  by  the  two  i>ro- 


I  the  cylinder. 

By  the  first  projiositioii  wc  1: 

Xh.eaceU-.h.iD'id'. 
Bjr  the  second  proposition, 


:  Did  or 
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tang,  a  :  tang,  a'  : 

IhenceilT:  A::Z»*:(r. 
The  fiTit  law  would  give  the  sanio  inclination  of  the  helix  for  i 
[  pieces,  whereas  this  one  shows  that  the  length  of  helix  Should  I 
I  iu  a  greater  proportion  than  the  caliber,  wiiicli  would  , 
ko  tho  inelinalioii  leas  for  the  large  calibers, 
OttTftUi's  <?xperiuicnla  in  Sweden,  with  a  3u-pdr.  (6.5  in.),  g 
1  retaltJii  with  two  lengths  of  helix — one  33.09  feci;  the  other  i 
B.37  feet  long.     By  calculating  from  the  preceding  formula,  tho 
I  of  helix  corresponding  to  our  24-iidr.  (5.82  in.),  18-pdr. 
I,  li-pdr.  (4.62),  and  6-pdr.  (3.67),  we  have— 


>(l-|>dr. 
,      F«t. 

Slplr,    j    la-pdr. 

ia-p<Jr. 

i-pir. 

B.9I 

Feel. 

n.i: 

Feet 

1(1.  fl 

I  ve  may  take  as  the  linuti  between  vhieh  the  length  of 


151  RIFLE3. 

helix  should  be  comprised.  It  will,  however,  be  better,  for  firing 
with  large  charges,  to  approach  the  larger  limit  in  preference 
to  the  smaller,  in  order  to  lessen  the  drift  and  preserve  the 
grooves. 

The  experiments  witli  the  18-pdr.  (5.41.),  and  a  helix  of  19.685 
feet  in  length,  gave  more  favorable  results  than  with  either  16.40 
feet  or  13.12  feet.  The  lengths  corresponding  to  this  for  our 
24-pdr.,  12-pdr.  and  6-pdr.,  would  be  22.77  feet,  14.34  feet,  and 
9.06  feet.  Various  lengths,  from  25  to  100  feet,  have  been  used 
in  the  United  States  ;  but  as  yet  no  systematic  experiments  have 
been. made  to  determine  the  best. 

With  regard  to  the  kind  of  helix  best  adapted  for  rifles,  it  is 
now  well  established  that  the  uniform  is  the  most  suitable. 

Tlie  progressive  helix  acts  favorably  only  with  small  charges. 
Tliis  kind  of  helix  appears  at  first  sight  more  favorable  than  the 
uniform  one,  for  the  passage  of  the  projectile  along  the  grooves ; 
but  as  the  velocity  of  rotation  increases  with  that  of  translation, 
and  the  latter  continues  to  increase  until  the  mouth  of  the  piece 
is  reached,  it  is  evidently  easier  for  the  projectile  to  enter  an 
inclined  groove  at  the  commencement  of  its  movement,  when 
its  projectile  force  is  small,  than  to  follow  one  whose  inclina- 
tion is  greater  in  proportion  as  the  velocity  of  translation  in- 
creases. 

This  reflection  caused  the  trial  of  one  of  these  grooves  reversed, 
that  i^  with  :ts  greatest  inclination  at  the  bottom  of  the  bore,  but 
the  results  obtained  were  very  indifferent,  and  caused  its  prompt 
abandonment.  Both  the  progressive  and  retrogressive  groove  is 
found  to  deform  the  indeixtations  on  a  bullet ;  whilst  in  passing 
over  the  uniform  groove  the  impressions  remain  undamaged,  and 
the  projections  follow  the  grooves.  So  far,  the  progressive  groove 
in  cannon  gives  indifferent  results. 

Whilst  experiments  are  going  on  in  this  country  with  regard 
to  rifled  cannon,  it  would  be  well  to  find  the  best  length  of  helix 
between  the  limits  laid  down  on  page  153,  for  any  one  gun,  and 
then,  by  experiments  on  other  pieces,  show  whether  the  rule  in 
regard  to  the  lengths  varying  in  proj^ortion  to  the  square  of  the 
caliber,  holds  good. 
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PROJECTILES. 


'  TttE  ['mjectilcs  fir&t  used  in  artiUt-ry  were  irregular  in  form, 
,  coti£C*iaeRt\y  very  inaccurate  in  tlieir  fire;  and  it  was  not 
E  before  the  advantages  of  tlie  ei>Iierical  form  were  deinon- 
«ted. 

'  Thx  Spiiekk  presents  the  minimum  surface  for  a  given  volume; 

I  tlic  wind,  wLicIi  causes  w  niudi  inaecnraey  in  elongated  pro- 

Uc*,   has  comparatively  but  little  t-fl'eet  on  the  round  one, 

bicli,  having  its  centers  of  gravity  and  figure  more  nearly  eo- 

eiilent  than  any  other,  presents,  when  it  rotates,  an  equal  surface 

irays  to  the  action  of  the  air.    If  it  strikes  any  ohject  in  its 

ffht,  it  is  Icfis  deflected  from  its  course  than  one  of  any  other 

)  important  fact,  since  ricochet  firing  is  of  great  import- 

3  in  war,  it  hcing  sometimes  the  only  means  of  reaching  an 

my  behind  obetaclee. 

Obloko. — When  the  design  ia  to  strike  an  object  direct,  how- 

per,  the  sphere  is  no  longer  the  most  advantageous  form.     For, 

r  mkking  tho  projectile  elongated  and  pointed,  the  resistance  of 

B  iJr  In  very  much  diminished  ;  and  additional  weight  can  be 

ded  without  increasing  the  croes-eeetion  of  the  projectile ;  thus 

ing  its  ]>ower  of  overcoming  tlie  resistance,  and  the  pene- 

ration  of  the  projectile  when  it  strikes. 

Taking  tlie  most  approved  fonn  for  elongated  projectiles,  tlie 

■  to  it  ia  found  to  be  about  i  of  that  offered  to  a  eplicri- 

il  ball  of  the  samo  diameter.     Tlie  resistance  to  Ihc  spherical 

.  i»  J  of  wh«t  one  of  its  great  circles  would  experience.    So 

t  tlie  resistance  to  a  projectile  moving  point  first  is  just  i  of 

Irliat  it  would  be  were  it  moving  with  the  base  to  tlie  front.  The 

{stance  increases  as  the  surface  against  which  it  acts  become* 

!  nearly  peqiendieular  to  the  direction  of  this  resistance. 
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Hence,  if  the  projectile  becomes  flattened  by  the  rammer  in  load- 
ing, the  resistance  is  very  much  increased. 

Stone  balls  were  first  used,  but  were  found  too  brittle  to  resist 
the  force  of  powder,  and  not  sufficiently  dense  to  produce  the 
proper  effect  when  striking. 

Leaden  balls,  although  more  dense  and  less  brittle  than  stone, 
cannot  be  used  in  large  guns  on  account  of  the  softness  of  the 
metal,  and  the  ease  with  which  their  form  is  changed  when  strik- 
ing against  objects  offering  even  but  slight  resistance.  Conse- 
quently, lead  can  be  used  advantageously  only  in  small  arms,  and 
against  animated  beings. 

Iron. — The  use  of  iran  in  the  manufacture  of  balls,  dates  from 
the  XIV.  century.  Tlie  density  and  resistance  of  this  metal 
allow  the  use  of  large  charges.  Consequently  the  effect  of  the 
ball  is  much  greater,  and  it  has  an  effect  on  stone  walls  vastly 
superior  to  stone  balls. 

Shells. — Soon  after  the  adoption  of  iron  balls,  attempts  were 
made  to  throw  explosive  globes,  designed  to  act  against  an  enemy 
behind  his  works.  The  first  mention  made  of  them  is  at  the  siege 
of  St.  Boniface,  Corsica,  in  1421.  Tliey  were  formed  of  two  hol- 
low hemispheres  of  stone,  or  bronze,  joined  by  means  of  a  hinge, 
a  circle  of  iron,  and  keys.  Tlie  fuze  to  this  rude  shell  consisted 
of  a  sheet-iron  tube,  inclosing  the  priming,  and  riveted  to  one  of 
the  hemispheres.  Tliese  were  succeeded  by  shells  cast  in  a  single 
piece,  either  of  bell-metal  or  iron,  possessing  much  more  solidity 
than  the  others,  which  often  burst  before  leaving  the  piece. 

Canister. — ^In  firing  against  masses  of  troops  at  short  dis- 
tances, the  advantages  of  a  divided  i)rojectile,  such  as  to  strike  a 
number  of  points  at  the  same  time,  was  early  seen.  The  first  used 
consisted  of  a  box  filled  with  old  scrap-iron,  which  soon  gave 
place  to  small  iron  balls,  which  of  course  carried  further,  and  had 
many  other  advantages.  Gibbon  mentions  the  use  of  such  came- 
ters  at  the  defense  of  Constantinople  in  1453  ;  and  the  grape-shot, 
canister,  and  spherical  case  or  shrapnell,  of  the  present  day,  are  all 
modifications  of  them. 

Projectiles  are  divided  into  two  general  classes,  viz.  solid  shot 
and  hollow  shot  or  shells. 

Solid  Shot  are  divided  into  Ixdls^  or  those  used  in  heavy  guns, 
and  hulh'tSy  which  are  used  with  small  ones.     Solid  shot  being 
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dense  tlian  bhelU,  are  miicli  more  accurate  in  their  fire, 

aally  at  great  (lietances.    Tliej  have  greater  power  of  over- 

;  tlic  resiatanco  of  tLe  air,  and  consequently  greater  velocity 

I  [wneiration  wln.-n  tlu'y  strike.     TLey  are  made  of  cast  iron, 

I  iieed  i>rineipaUy  in  jwn*.     Their  lire  increases  in  accuracy 

1  range  8^  the  &ize  or  caliber  Increases. 

The  re^Mtatice  of  the  mr  is  the  principal  cause  of  the  decreased 

:itj'  and  accnracy  of  balls.     This  resistance  is  proportional  to 

i  aorfac«.     A  ball  twice  the  size  of  another,  meets  witli  mucli 

itttcr  remittance;   but  its  weight  is  8  times  as  great,  which 

lies  it  to  overcome  that  resistance  with  greater  ease. 

i  Two  projectiles  uioving  with  the  same  velocity,  the  retarding 

i  will  be  proportional  to  tlieir  surfaces,  or  to  tlie  eqnares  of 

r  diuueters.     Bnt  the  velocity  which  will  produce  this  rctard- 

p  force  is  equal  to  tlie  force  divided  by  the  mass  of  the  projec- 

F 
0(  V=^^,  aince  F=MV)f  which  is  itself  proportional  to  the 

1  of  the  diameter  into  the  density.  Hence  the  losses  of 
MJity  caused  by  the  resistance  of  the  air  in  the  two  projeetilos, 
r  propdrtional  to  the  squaree  of  the  diameters  divided  by  the 
i  of  these  diameters  into  the  densities,  or  inversely  projjor- 
oal  to  the  diameters  into  the  densities. 

With  the  same  density,  but  different  diameters,  the  loss  is 
irenely  proportional  to  the  diameter;  and  the  largest  ball  losea 
p  lucst.     CoDseqnently,  for  great  ranges,  large  balls  must  bo 

With  the  same  diameter,  bnt  different  densities,  the  inoBt 
I  loses  the  least,  so  that  dense  projectiles  have  tlie  grouteet 


,  And  finally,  in  order  that  two  halls,  moving  with  the  same 

oily,  idmil  meet  with  the  same  resistance,  tlio  respective  pro- 

lete  (if  their  diameters  by  their  densities,  muc't  be  equal  to  each 

%n.    TIiUA,  in  order  that  a  cast-iron  ball  sliall  experience  the 

!  rcustance  as  an  ordinary  musket  bullet  of  0.f!5  inch  in 

■,  both  having  the  same  velocity,  wo  must  have  the  fol- 

9  relation : 

(TX  7.207=0.65x11.352, 

I.  vUvh  (V  is  the  diamL>ter  of  tlie  iron  ball ;  7.207  is  the  density 

f  iron,  and  11.352  'u  the  density  of  lead.     Deducing  the  value  of 
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X.  we  have  x=- — zi-^r^ — ^=1.02,  or  a  little  over  one  inch.    Tlie 
'  7.207 

n 

weight  of  such  a  ball  would  be=^(1.02)*.2607=.145  lb.  or  Boine- 

thing  over  two  ounces,  instead  of  about  one  ounce,  wliich  is  the 
weight  of  the  musket  bullet.  Ilence,  cast-iron  bullets  for  mus- 
kets would  be  inferior  to  leaden  ones,  as  their  loss  of  velocity  is 
greater  and  the  deviations  more  considerable ;  wherever,  therefore, 
balls  are  used  approaching  the  size  of  the  musket  bullet,  lead 
is  the  best  material. 

Spherical  projectiles,  to  be  serviceable,  should  offer  snflScient 
resistance  to  the  action  of  the  powder,  in  order  that  the  initial 
velocity  to  be  given  them,  may  be  great  enough  to  produce 
the  necessary  results,  such  as  penetration,  &c.  They  should  be 
as  near  spherical  as  possible ;  homogeneous  in  their  structure ; 
have  their  centers  of  gravity  and  figure  as  near  together  as  pos- 
sible ;  be  as  dense  as  possible,  present  no  roughness  on  the  sur- 
face, which  would  be  liable  to  injure  the  piece ;  and  if  hollow, 
should  have  capacity  to  hold  sufficient  powder  to  fulfill  the  ob- 
ject for  which  they  are  fired. 

The  resistance  offered  by  the  air  to  shells,  decreases  as  the 
interior  is  decreased  or  the  thickness  of  metal  increased.  If  we 
wish  to  find  the  diameter  of  a  solid  shot  corresponding  to  a  shell 
of  a  given  density,  the  density  of  the  shell  being  f  that  of  the 
shot,  we  wijl  have,  calling  x  the  diameter  of  the  shot,  and  D  that 
of  the  shell,  x=^J). 

To  find  what  should  be  the  density  of  a  12-pound  shell,  in 

order  that  it  experience  the  same  ressistance  from  the  air  as  a 

6-pound  shot,  we  will  obtain,  by  calling  d  the  required  density, 

4.52^=3.58  X  7.207,  and  consequently,  (1=5.7 j  that  is  the  density 

6  7 
of  the  shell  should  be  the  ^  '  ^^=0.79  part  of  that  of  the  corre- 

7.207 

spending  shot,  and  as  that  w^eighs  12.3  lbs.,  the  weight  for  the 

shell  will  be  12.3  x  0.79=8.5  lbs. 

From  what  precedes  it  will  be  seen  that  lead,  if  hard  enough, 
would  be  the  best  metal  to  use  in  projectiles,  forged  iron  the 
next,  and  then  cast  iron,  wliich  is  much  cheaper  than  forged. 

As  early  as  the  time  of  Louis  XIV.,  hollow  elongated  projec- 
tiles were  made  use  of,  and  must  have  been  in  great  favor,  since 


SOLID    MIOT.    CALIDER.  159 

tlifV  a|i|<oar  to  liHve  lic^'11  made  of  all  hizcp.  Tin*  jMiintcd  fnriii 
wa.4  foiiml  to  II ill  til*.'  ]»rnji'ctili»  |Mi>!*i]i;;  tlin»ii^li  the  iiir.  Tin- 
iiitrrior  was  ilividf^I  iiiti»  two  (*«iiii|iartnieiitK  tlie  fmnt  one  fillfii 
witli  i>i»wiIi.T  iiikI  lialls,  tin*  rear  one  with  ]inw«ler  oiilv,  thus 
throwiiij^  tlie  center  itf  gravity  well  fnrwanl.  II ail  th^^i'  >Im'11s 
heen  iin^viih.-*!  with  jm wives  on  the  rear  j^art,  tlu-y  wuiihl  havi* 
fiiIHi!c<I  all  the  ei)nflition>  laiil  down  on  ]>a^e  1:^7.  and  havr]ir«i!i- 
aMv  «Mvon  ln-ttfr  rf>ults. 

Ar«  thf  l«-n;;th  ot*  the  hall  iiMTfaM's,  its  ina>s  :ind  Wfi</lit  in* 
rren>c.  whiUt  the  re>i>tan<'r  remains  th<>  h^me.  I)oiihlini;  the 
wei^dit  of  thi*  hail  thu>  rrn«ler>»  thr  n>i>tanrf  of  tin*  air  relativrlv 

• 

oni*  half  !*><.  If,  fur  r\am|ilf,  tlie  nhlon;;  hidU-t  Wfi;rhs  T'#'» 
^uin*-,  anil  th<*  sphiTirnl  ituv  of  the  ^ame  i'aliiM*r,  41:^  ;;rain>.  the 
rl>i^tan^•4•  t«»  the  first  will  hr  «.nlv  th«*  Jj;  j^art  of  what  wi»uld  Im- 
iiffiTi'd  t(»  an  nhhin;;  tinr  of  the^aml*  wri^rht  a*:  tli<*  >]»lifri<'a!  hall. 
I5:it  this  la>t  eNjMrii-n«M*s  a  n-si-tanrt'  thnt-  tiiin>  that  i»f  tin* 
el"nL'ate«l  •»!i«'  of  thr  >ain»*  weight,  mi  that  thf  nhhin::  hnlht  of 
7'»*' ;:raill^  rxpi-rirni'i  -  -J   .    5'^-  i»f  tin*  r»>i>tanri'  inr  ah«int  oni' 

fit'tlii  iitrrrffl  til  till*  •o]<hcri(':il  hnlli-t  of  the  hanir  calihtT  I'^ldt. 

'II:!*  ri>i-t:in*'e  i-,  hoWi-^i-r,  still  ii-rv  ;:rrat  t«»  ptiintt'd  jip-jic- 
tili*-.  it  Ik-iij:;  f-orimiitid  that  it  r»dni*iil  the  ranp-  of  i^i.t-  i\j  «-ri- 
liiintfi]  nil  ill  Kraiirr,  tMunt-  half  of  M'hat  it  wnuld  he  in  varii... 

S«ii.ii»  Sn«ii.  Ill  |iri»ii«  tiIr^  whirh  an*  dt-.-i^rnid  to  art  al:aill^t 
aniiiiati'd  hrinL'-.  tin*  «!iani<  fi  r  mav  hr  dvenasid  t-i  n*>idt  ra1>!v. 
And  thf  U'liL^th  inrn-a-rd  uifh^'Ut  iiii]i:iiriii<r  tln'ir ettirifni-y.  I**nt 
fiir  tliOM'  uhif'h  ail'  to  :iit  ii^'.-iin-t  !iirt:ti(*atioii>,  nla^^l^  ot*  « ;irTh. 
A"«\,  a  ciTtain  i-aliht-r  i-  iMii--:iiy.  \Vi  n*  tin-  proji-^tih-  of  tiNi 
^!ii:ill  a  dianii-ti-r.  :tiid  ]'«iiiiti-d  in  f*>rni.  it  wiiidd  :.'o  thn»n::li  thr 
•  ih>ta<Ir  without  hrrukiiiL'  or  !»|»l::itirih:r  if  niur!i,  uliiUt  -jiln-ri- 
••al  jipiji-i-tili--'  irn-!i  ainl  h:i  :i]x  ii.ti-  j  ii  ••«>  thr  olijiit-  •Trm  k.  an^I 
thi'V  aJrMi  Iia\i-  till-  ad\ant:iji-  ot'  di  \  iatiii''  ]» -^  tr**ui  riiof-h.t-, 
whirh  are  \t'T\  i!i.|Hir::iiit  iii  war.  •  1:1  «t  ;i-  iii.irkii  :;  t!ir  |'  ihf  nf 
fall,  and  a!h'U::iir  a  ni-tlliiaf i'-n  ■•!"  tin-  ai?ii.  'T  :•-  a  lui-.m- "-f 
n  :i«'hin;r  an  ir'<'ii\  hiliind  hi-*  w<trk-. 

i '  \i.ii:i  i:.  1  ii^-  r.iliht-r  "f  A./Vir  i-  i  \|.ri---fil  hv  Ui*-  r"iin»l  ni;!ii- 
ht-r  of  |Mini:i!-.  f.  !,r:iiiiii|  in  tl.i  im.  'II. ••-r  n-i  d  in  "ur  -•  r\  ;i»-  art- 
t'i«*  t-'li'tu  iri  J.     Tii«  \  an*  m.uh-  ••f  «:i*t  iron. 

\'J^.  9\^.  -I-J.  ::j,  lM,  !•*.  J  J.  and  •;. 

Sunt  til   '«i-  !!-•■•!   at  X  a,  a!td  ••n  tin*  -larnii-?.  •h«*uli|   In*  "«»nii'- 
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what  smaller  than  those  for  service  inland,  on  account  of  their 
liability  to  oxidize  from  the  dampness  of  the  atmosphere.  (For 
dimensions,  see  Appendix,  page  26.) 

Bar  or  chain  shot  consists  of  two  liemispheres  or  balls  con- 
nected by  a  bar  of  iron  or  chain.  They  take  a  rotary  motion 
when  fired,  and  are  used  with  great  effect  against  the  masts  aind 
rigging  of  vessels,  but  are  very  inaccurate  in  their  fire. 

A  stand  of  grajpe  consists  of  nine  shot  of  a  size  appropriate  to 
the  caliber  used,  which  are  held  together  by  two  rings,  and  a 
plate  at  each  end  ofiithe  stand  connected  by  a  rod  or  bolt.  (For 
dimensions,  see  Appendix,  page  27.) 

Quilted  grape  consists  of  an  iron  plate  and  an  upright  spindle 
around  which  balls  are  placed  and  held  in  their  positions  by  a 
canvas  bag  which  is  tied  to  the  plate  and  then  quilted  on  to  the 
balls  by  means  of  strong  twine,  which  is  finally  tied  around  the 
mouth  of  the  bag.    Tliis  kind  is  no  longer  used  in  our  service. 

Canister  Shot  is  a  tin  cylinder  with  iron  heads,  filled  with 
balls  packed  in  with  saw-dust.  Tlie  heads  are  movable,  and  the 
edges  of  the  tin  are  turned  down  over  them  to  hold  them  in  their 
places.  The  balls  are  made  of  such  a  size  that  seven  of  them  can 
lie  in  a  bed,  one  in  the  middle,  and  six  around,  making  the  dia- 
meter of  the  balls  about  one  third  that  of  the  bore.  Tliese  balls 
are  all  made  of  cast  iron^  except  for  the  mountain  howitzer,  the 
canisters  for  which  are  filled  with  musket-bullets,  which,  as  has 
been  shown,  meet  with  less  resistance  from  the  air,  and  retain 
their  velocity  longer  than  cast-iron  balls  of  a  much  larger  size. 
It  would  be  better  to  make  them  of  wrought  iron  for  field-guns, 
as  is  done  in  France  ;  as,  besides  being  more  dense,  they  would 
be  less  likely  to  break  and  injure  the  bore  of  the  gun  than  cast- 
iron  ones.     (For  dimensions,  see  Appendix,  p.  28.) 

It  has  been  shown  (p.  158)  that  a  cast-iron  ball  1.02  inch  dia- 
meter experiences  as  much  resistance  from  the  air  as  the  ordinary 
musket-bullet,  where  balls  smaller  than  this  are  required,  there- 
fore, the  musket  bullet  should  be  used. 

Bullets  are  divided  into  spherical  and  elongated.  Tliey  are 
made  of  lead,  and  used  in  small-arms.  The  caliber  of  spherical 
bullets  is  determined  by  the  number  which  a  pound  of  lead  will 
make.  Tims,  our  common  musket  is  said  to  carry  seventeen  to 
the  pound.     But  this  is  almost  entirely  superseded  in  use  by  the 
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ngntcd  bnllot,  the  caliber  of  wliioli  is  determined  by  its  diam&-  \ 
■  or  it*  weight  ID  grains,  usually  liy  the  former.  There  are  but  I 
rn  flbcefl  noir  ia  Ui^inoureerTice(8eepp.  130-1);  and  in  time  it  is  j 
le  iotcntiun  (o  reduce  these  to  one,  which  may  be  used  for  either  ' 
fle,  rifle-musket,  or  pistol.     But  the  bullets,  although  precisely  j 

BaniQ  on  the  exterior,  differ  in  the  size  of  the  conieal  opening, 
id  iu  weight,  the  lightest  being  fifty  grains  less  than  the  other, 
H!  winght  of  which  is  live  hundred  grains.     (See  Kos.  1  and  2, 

131.)     Tliia  difi'erence  was  found  necessary  in  order  that  the  j 
ball  charge  of  the  pistol  should  have  force  sufficient  to  press  out 
ic  Wfles  of  the  bullet  and  rifle  it  properly,  which  it  was  found   I 
Rnetitnea  not  to  do  with  the  thicker  one.     The  longer  these  hul- 
a  are  niade,  the  less  resistance  is  offered  by  the  air,  or,  more  cor- 
•tly  speaking,  tlie  greater  the  power  of  the  bullet  to  overcome   | 
B  raaiatance  offered ;  and  were  it  not  for  the  want  of  consistency 
d  the  Boflnees  uf  the  lead,  this  lengthening  would  he  theoretie- 
\y  nnlimited.     But  they  soon  become  inconveniently  long,  and   i 
kble  to  be  injured  in  shape,  and  it  is  found  that,  beyond  a  cer-   ' 
b>  length  and  a  certain  number  (three)  of  grooves,  the  bullet 
te»niit  carr)'  well.     The  length  of  those  in  our  service  has  bees 
laced  by  experiment  at  1.1  inch  for  the  large,  and  1.05  inch  for 
bo  fltnall  size. 

BtruB  ASD  Artillert. — Since   tlie  recent  improvements  in  J 
irojectilM  and  long-range  rifles,  it  has  been  customary  to  under-  ] 
■to  the  importance  of  tlie  artillery  arm  on  a  field  of  battle,  and  j 
bo  assertion  is  frequently  heard,  that  the  use  of  the  rifle  will  * 
npertKde  entirely  tlie  use  of  field-pieces  in  war,  since  their  fire 
a  greater  range  and  more  accuracy  thau  the  fipld-pieees  now 
n  use.    This,  I  am  convinced,  is  a  mistaken  view.     In  the  first 
place,  it  is  true  that  long-range  rifles  are  destined,  in  the  hands  of  j 
ricillfal  mHrksirien,  to  play  a  very  important  part  in  battle,  by 
picldlig  off  the  eannoncers  of  the  artillery  from  points  beyond  the   ' 
rutge  uf  tluB  last,  provitkd  they  can  once  got  tlieir  sights  properly  \ 
iged  for  that  distance ;  but  they  havo  first  to  get  their  range. 
do  this,  as  very  few  inun  are  at  all  accurate  in  estimating  diB- 
lanccs,  trials  have  to  be  made ;  and  the  bullet  makes  so  little  dust 
striking,  aud  what  it  does  make  is  scarcely  visible  nt  1000  yds.,  | 
lat  it  affonls  the  marksman  but  little  opportunity  to  correct  his  1 
m.    In  the  mean  time  the  gunner  is  getting  his  range,  which 
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he  is  enabled  to  correct  from  the  striking  of  the  ball,  wliieli  can 
be  seen  as  far  as  it  goes,  and  when  he  once  gets  it,  and  tliat  not 
accurately  and  precisely,  as  the  rifleman  must,  but  approxi- 
mately, he  is  enabled  to  let  loose  among  his  opponents  a  charge 
of  from  thirty  to  eighty  musket-bullets  at  a  time,  or  send  a  solid 
shot  through  them  with  sufficient  force  to  disable,  perhaps  kill, 
half  a  dozen,  and  disorganize  as  many  more  by  its  moral  effect. 

When  the  rifleman  gets  his  sight  adjusted  to  the  proper  range, 
it  is  an  easy  matter  for  the  artilleryman  to  increase  or  decrease 
his  distance,  rendering  new  adjustments  of  the  sights  necessary, 
and  all  this  in  the  heat  and  confusion  of  a  combat. 

These  facts,  to  say  nothing  of  the  great  physical,  as  well  as 
moral  effect  of  a  rapid  and  well-directed  fire  of  half  a  dozen  guns 
upon  a  body  of  infantry,  seem  to  demonstrate  that  the  importance 
of  artillery  upon  the  field  of  battle  is  rather  increased  than  dimin- 
ished, and  should  rather  urge  to  improvement  in  its  range  and 
efficiency,  than  to  its  abandonment  and  under-rating. 

The  uncertainty  of  properly  adjusting  the  sight  of  a  rifle  in  the 
heat  of  battle,  must  be  evident  to  every  one ;  and  it  is  stated  that 
the  present  emperor  of  France,  fully  alive  to  the  fact,  has  dis- 
carded the  back  elevating  sights  altogether  on  his  rifles,  or  very 
much  reduced  their  graduation,  preferring  to  leave  the  aiming  to 
the  judgment  of  the  men  rather  than  possibly  lead  them  into 
error  by  the  presence  of  the  sight.* 

HOLLOW   SHOT. 

It  has  been  stated  that  the  fire  of  hollow  shot  increases  in 
accuracy  as  it  becomes  heavier,  or  the  interior  space  decreases. 
This  also  increases  the  penetration.  On  the  other  hand,  the 
interior  space  should  be  large  enough  to  contain  sufficient  powder 
or  incendiary  composition  to  produce  a  proper  effect ;  whether 
tins  be  to  produce  a  great  number  of  splinters  with  a  certain 
velocity,  to  destroy  by  the  explosions  field-works,  or  to  set  fire  to 
shelters  occupied  by  the  enemy.    The  last  objects  will  be  attained 

•  Napoleon's  recent  address  to  his  troops,  in  Italy,  warning  them  that  long-range 
rifles  are  formidable  only  at  a  distance,  and  that  great  dependence  must  still  be 
place  1  upon  the  skillful  use  of  the  baymet,  is  a  hint  which  they  seem  to  have  fol- 
lowed. 
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t  l>y  didla  having  n  large  interior  space.     E3cperiment  showa 
^t  liollow  }irojecti]es  fulfill  tlio  Deceseary  conditions  be^t  nlicn 
n  ileiisity,  or  real  weight,  is  eqna]  to  f  tliat  of  tlie  Bolid 
t  of  the  same  diameter. 

DmiiEiJ, — Uollow  eliot  are  divided  into  aheUi',  spherical  case 
.0chrapntU,  carcases,  nnd  ffrcnadea;  all  of  which  are  made  of 
rt  iron.  Their  caliber  ia  determined  either  by  the  number  of 
nnde  contained  in  a  solid  shot  of  the  same  size,  or  by  tlic  num- 
r  of  indies  in  tlie  diameter  «{ the  thell  itself. 
'  SbEixs  are  hollow  ehot  tlie  interior  space  being  foimcd  of  a 
bure  concentric  with  the  outer  Burface,  thus  making  the  sides 
eqiial  thicknese  througko^it.  They  have  a  conical  opening  or 
01,  ajtcd  to  load  the  shell,  and  in  which  is  inserted  the  fuze  to 
■uniuoicate  fire  to  tlie  charge.  Its  axis  is  always  coincident 
ill  a  radios  of  the  sphere. 

Sliulls  have  Bometinies  been  reinforced  with  a  i-vlnt,  or 
eiv*«cd  thickness  of  metal  opposite  the  fuze  hole,  for  the  pur- 
s  of  iitrengtheiiing  that  part  most  exposed  to  the  slioek  of  the 
iwtler,  e6])ecially  in  piecee  witli  long,  narrow  diamhere,  which 
)  fonnerly  employed,  and  nnth  an  idea  that  it  would  cause 
e  ^cU  to  fall  with  the  fuze  up,  and  prevent  tlie  failing  of  the 
a^  from  becoming  stopjicd  up  with  dirt  when  it  fell, 
Tlie  objections  to  tliu  uee  of  the  cvlot  are :  that  it  ec]>arates 
)  center  of  figure  from  that  of  gravity,  thus  diminishing  the 
icnncy  of  fire  and  the  velocity,  by  the  increased  resistance  of 
le  iiir,  due  to  the  irregular  movoment  of  the  eccentric  projectile ; 
U  Ihe  culot  being  thicker,  presenlB  more  resistance  to  the  pow- 
r  than  tlic  other  portions  of  the  shell,  and  consequently  a  lees 
Btnb«r  of  pieces  arc  formed.  Experiments  go  to  show  that  an 
:plo)ling  shell  cracks  generally  through  the  fuze  hole.  The  ciilot 
Dot  used  nt  all  in  our  service. 

Thw  resistance  offered  by  a  shell  to  the  force  of  the  powder 
s  with  the  tliickness  of  its  sides.     The  number  of  piccea 
rodnoed  when  it  exjilodes  is  the  greater,  all  else  being  equal,  as 
a  metal  is  more  brittle,  and  the  e^-centricity  of  the  shell  is  1cm, 
The  eyf.  should  decrease  in  size  with  the  interior  space.     Too 
D  opening  might  allow  the  escape  of  the  gas  without  burst- 
%  Ibc  fhell.     It  should  not  be  too  small,  as  this  would  prevent 
e  nae  of  a.  proper  thickness  in  the  fuze. 
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Tlie  French  sometimes  make  tlieir  shells  for  sea-coast  service 
with  an  additional  eye,  at  an  angle  of  45°  with  the  other,  called  a 
charging  hole^  the  object  being  to  have  the  fuze  already  fitted  in, 
ready  for  use,  and  allow  the  charge  to  be  poured  in  just  before 
the  shell  is  wanted.  It  is  found  that  the  powder,  when  left  in  the 
shell  for  any  length  of  time,  rapidly  deteriorates,  from  the  damp- 
ness of  tlie  sea  air.  This  arrangement,  however,  has  the  disad- 
vantage of  requiring  the  fuzes  to  be  cut  beforehand  and  w^ithout 
knowing  at  what  distances  they  are  to  be  used. 

Tlie  French  make  use  of  what  they  call  a  shell  ImlUt  (Balles- 
obus),  made  of  lead,  hollow,  and  oblong,  with  the  pointed  end 
fonned  like  the  nipple  of  a  gun,  and  pierced  to  communicate  with 
the  interior  space,  which  is  filled  with  powder.  A  common  per- 
cussion cap  is  placed  on  the  end,  and  the  bullet  is  set  home  with 
a  concave  rammer  head.  Fired  from  a  rifle,  the  bullet  goes  point 
foremost,  and  when  it  strikes  explodes  the  cap  and  the  powder  in 
the  bullet,  blowing  up  any  powder  it  may  come  in  contact  with, 
or  setting  fire  to  inflammable  material.  Caissons  or  ammunition 
wagons  of  any  kind  may  in  this  way  be  destroyed. 

The  following  are  the  shells  used  in  the  United  States  service : 

For  mortars,  13  in.,  10  in.,  and  8  in..  Fig.  94,  PI.  8  ;  the  last  used 
also  in  the  8  in.  siege  howitzer. 
"   Columbiads,  10  in.  and  8  in.,  Fig.  ^5,  PI.  8. 
"   Guns  and  Howitzers,  42,  32,  24,  18,  and  12  pdrs..  Fig.  95,' 
PL  8. 

All  but  the  mortar  shells  are  reinforced  on  the  inside  of  the 
fuze  hole,  to  give  a  greater  bearing  surface  to  the  fuze,  and  pre- 
vent its  being  driven  in  by  the  force  of  the  heavy  charges  used. 
The  sides  of  these  shells  are  also  thicker  than  the  corresponding 
sizes  for  mortars,  as  larger  charges  are  used  with  them. 

Tlie  mortar  and  columbiad  shells  are  handled  by  means  of  two 
ears  placed  one  on  each  side  of  the  eye,  which  serve  for  attaching 
a  pair  of  shell-hooks.  Tlie  other  shells  have  no  ears,  but  rope 
handles  are  flxed  to  the  tin  straps  which  fasten  them  to  their 
sabots.     (For  dimensions,  see  Appendix,  p.  27.) 

Spheeical  Case,  or  Sehrajpnell  Shot,  as  they  are  called,  after 
the  English  general  who  brought  them  to  perfection,  are  thin- 
sided  shells,  in  which,  besides  tiie  bursting  charge,  are  placed  a 
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r  of  mneket  lialls.    Their  sides  are mucli  thinner  tlian  those 

he  ordinary  shell,  in  order  that  they  may  contain  a  greater 

nbcr  t)l"  hnlletfl ;  and  these  acting  88  a  euppoft  to  tlie  sides  of 

ft  «hc-li  prevent  it  from  being  broken  by  the  ibreo  of  the  dis- 

'llie  weiglit  of  the  empty  ease  is  about  i  that  of  the 

1  diot  of  the  eamo  diameter.     (For  dimeufiions,  eee  Appendix, 

\  The  calihera  iu  use  in  onr  Berrice  are : 

•Die  8  in.— 42,  32,  2i,  18,  12,  and  6  pdrs.,  Fig.  9C,  PI.  S. 

e  all  reinforced  at  the  eye,  to  give  a  greater  bearing  for 
b  tnte.  licad  being  ninch  more  dense  tJian  iron,  the  schrapnell 
I  when  loaded,  nearly  as  heavy  as  the  eolid  eliot  of  the  same 
;  hot  on  account  of  the  lees  charge  wliich  it  is  neceaeary 
(  to  prevent  rupturing  the  case,  their  firo  la  neither  ao 
irato  nor  the  range  bo  great  as  with  tlic  solid  sliot.  But  when 
h schrapnell  hursta  jnet  iu  front  of  an  object,  the  effect  la  terrific, 
mg  in  fact  pretty  nmch  the  same  aa  a  discharge  of  grape  from 
piece  at  ehort  range. 

r  The  range  and  effect  are  both  ranch  increased  by  the  present 
rthod  of  loading.  Tliia  is  done  by  placing  in  the  proper  nnm- 
r  of  balls,  and  then  pushing  a  stick,  grooved  on  both  sides, 
■oagh  the  eye  to  the  bottom  of  the  ease.  TTirongli  the  grooves 
died  sulphur  or  rosin  is  poured,  and  when  cool  tlic  stick  is 
ithdrtWD,  leaving  in  the  center  of  the  mass  a  small  chamber,  in 
Wch  thv  bursting  charge  is  placed.*  This  arrangement  places 
t  powder  entirely  free  from  contact  with  the  bullets,  and  it  ia 
Ciucntly  not  liable  to  be  ground  up  by  tbem  while  being 
Uuported  or  when  the  alicll  ia  fired.  The  powder  can  be  placed 
I  thii  chamber  and  allowed  to  remain  without  fear  of  damage  or 
md  be  all  ready  for  use  when  required.  Being,  besides, 
a  compact  mass,  instead  of  scattered  among  the  hutlete,  ite 
a  much  greater  and  it  acts  more  effectively  in  throwing 
B  bollets  outward  from  the  center.  This  advantage  is  furllicr 
xkA   by  the  adoption  of  the   ndmirahlu  Boarmann   fusCj 


inw  niiially  1oaiIv<I  by  plociog  in  tho  bnllrU  anJ  poaring  Ui« 

11  lliorataia  full,     Afl-r  tliu  sulphur  hu  cunt'xl,  tlie 


edMil|iiuir  in  until 

pr  i*  burn]  oQl  Ly  >  cutter,  s 
W  MUu  (rout  lli«  Ilia??.     Tliii  ii 


N  hotli  the  lulphu 
fiiickrr  metUoJ,  sail  gi»e>  a 
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wliicli  can  be  screwed  into  its  place  beforehand,  and  guagcd  on 
the  field,  in  a  moment. 

Tlie  charge  used  in  these  shells  is  sufficient  simply  to  rupture 
the  case  and  release  the  bullets  at  the  proper  point  in  front  of  the 
object.  Their  execution  depends,  then,  upon  the  velocity  which 
the  shell  has  at  the  moment  it  bursts. 

The  Boarmann  fuze  being  adopted,  the  reinforce  at  the  eye 
becomes  useless,  and  may  as  well  be  dispensed  with  to  allow 
more  room  for  bullets.  Tliis  would  also  make  the  firing  more 
accurate,  as  the  shell  would  be  more  concentric. 

Carcasses,  Fig.  97,  PL  8,  are  shells  having,  besides  the  usual 
eye,  three  others,  which  are  placed  at  equal  distances  apart,  and 
tangent  to  the  great  circle  of  the  shell  which  is  perpendicular  to 
the  axis  of  the  first  eye.  They  are  filled  with  combustible  com- 
position, primed  at  the  four  holes  with  quick-match  and  mealed 
powder,  and  are  used  to  set  fire  to  an  enemy's  works,  the  addi- 
tional holes  being  to  allow  a  more  rapid  escape  of  the  fiame. 

Grenades,  Fig.  98,  PI.  8,  are  of  two  kinds.  The  handrgrenade 
is  a  sTnall  shell  thrown  from  the  hand  or  in  baskets  from  the  stone 
mortar.  Rampart-grenades  are  larger,  and  are  used  to  roll  down 
a  breach  in  its  defense,  to  throw  over  the  ramparts,  &c.  Any 
kind  of  shell,  unfit  for  firing  either  from  being  defective  in  form 
or  solidity,  may  be  used  for  the  purpose.  6-pdr.  spherical  case. 
shot  may  be  used  as  hand-grenades. 

War-Rockets. — A  rocket  is  a  projectile  which  is  set  in  motion 
by  a  i)owcr  residing  within  itself.  It  therefore  performs  the  part 
both  of  a  piece  and  a  projectile.  The  cases  for  war^ockeU  are 
made  of  sheet-iron  and  lined  with  paper  or  wood  veneer  to  pre- 
vent the  composition  from  touching  the  metal  and  rusting  it, 
wliich  would  destroy  the  missile.  Tliey  are  filled  with  a  compo- 
sition of  niter,  sulphur,  and  charcoal,  in  the  same  way  as  de- 
scribed for  signal  rockets ;  but  are  generally  filled  solid  by  means 
of  a  ram  or  press,  and  the  core  then  bored  out.  At  the  top  end 
either  a  solid  shot  or  shell  is  placed,  and  riveted  to  the  case,  a 
recess  being  cut  out  of  the  lower  part  of  the  projectile,  which  is 
there  cylindrical,  to  fit  into  the  case.  When  a  shell  is  used,  it  is 
perforated  through  the  diameter  which  coincides  with  the  axis 
of  tlie  case,  and  a  fuze  driven  into  the  opening  next  to  the 
composition.     When  the    composition  burns   out,  fire  is  com- 
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BicAtcd  to  tlio  fuze,  wIiicL,  in  its  tiim,  explodes  tlie  cbarge  in 
I  sliell.     The  hole  at  the  top  of  tlio  elicll  enables  the  fuze  to  be 
nUted,  by  boring  it  out  iu  part  or  altogether,     Tlie  top  bole  is 
1  closed  with  11  woodeu  plug  or  a  screw. 
I  Tlie  dimensions  of  rockets  are  indicated  either  by  the  weight 

Jio  jtrojeclilc  or  the  diameter  of  the  case,  in  inches. 
I  Two  kinds  of  rockets  have  been  ustid  in  this  country,  the  Con- 

,  and  Ifalt'a. 
l  Coxqrete's,  Fig,  99,  PI.  8,  has,  like  the  ordinary  sky-rocket, 
ttrccting-iitick,  but  instead  of  being  tied  to  the  outside  of  the 
:,  it  is  inserted  in  a  socket  placed  directly  in  rear  of  the  case, 
^  flame  cacaping  through  holes  around  this.  This  modiUcation 
i  introduced  by  Sir  William  Congrevc,  who  was  also  the  first 
I  in  roodem  times  lo  make  use  of  metal  cases;  but  he  is  not  tbo 
ntor  of  the  rocket,  which  has  been  known  from  time  iiimie- 
Iriftl  in  China  and  India,  in  both  of  which  it  bad  been  used  aa 

sile. 

LTfaeM  rockets  liave  been  made  of  immense  size,  the  largest 
ihing  OS  much  &a  three  hundred  pounds,  but  have  never  been 
bpled  to  any  very  great  extent ;  for,  although  very  formidable 
1  ilestmctive,  especially  when  used  against  cavalry,  their  fire 
hr«ry  inaccurate.  The  motion  of  the  rocket  is  due  to  the  pres- 
11  the  case  produced  by  the  reaction  of  the  gas  escaping 
iiigli  the  vents,  and  dt-jn-nds  upon  the  mechanical  principle  of 
9  ec|uality  between  action  and  reaction. 

,  Rockets  are  fired  from  tn>ugIi3or  tubes  momited  on  ailjiistible 

■podA,  so  tlmt  the  necessary  angle  of  elevation  can  be  given  to 

Tliey  may  al»o  be  simply  laid  upon  tlie  ground,  having 

t  ovccMary  slope,  and  fired  singly  or  in  volleys.     In  the  latter 

,  tbey  are  connected  by  a  piece  of  quick-match  communi- 

tiOK  W'tli  the  priming,  by  IJghthig  which  tbo  rockets  go  off  in 

jHd  fiucceaeion. 

Bpocial  troops  have,  in  some  of  tlie  European  powers,  been 

mod  and  armed  with  these  projectiles,  which  are  carried  in 

Kfteli  wan  carries  into  action  several  rockets  ready  for 

I,  And  tied  to  his  saddle.     In  this  country',  however,  no  snch 

»tion  has  been  made;  nltbongb,  rockets  were  used  to  n 

lited  extent  in  the  war  with  Mexico. 

In  the  Austrian  service  they  appear  to  have  been  ailopted  to 
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a  much  greater  extent  than  anywhere  else.  But  they  are  there 
made  with  a  shell  very  much  larger  than  the  diameter  of  the 
case,  to  which  it  is  fastened  with  tin-plate  straps.  Tliey  are  fired 
from  tubes  into  which  they  are  placed  from  the  front,  with  the 
shell,  which  is  too  large  to  enter,  projecting  from  the  mouth. 
Large  angles  of  elevation  are  used,  and  the  rocket,  after  accom- 
plishing a  sliort  range,  drops  its  shell  with  its  fuze  (previously 
regulated)  burning. 

Hale's  (Fig.  100,  PL  8)  diifers  from  any  other  rocket  in  hav- 
ing no  guide-stick.  Direction  is  given  to  the  rocket  by  impart- 
ing the  rifle  motion  to  it.  This  is  effected  by  placing  in  the  rear 
part  a  number  of  holes  oblique  to  the  axis.  The  gas,  escaping 
through  these,  acts  upon  the  air  and  gives  the  rotary  motion  to 
the  case,  whilst  it  propelled  forward  by  the  action,  or  rather 
reactiorhy  of  the  gas  escaping  at  the  main  hole  at  the  extreme  end. 
Within  a  year  past,  these  oblique  holes  have  been  changed  from 
their  position  in  rear  of  the  rocket,  reduced  to  two  in  number, 
opposite  the  center  of  gravity,  and  fire  instead  of  being  com- 
municated at  the  end  is  applied  at  one  of  these  holes,  and 
rapidly  spreads  in  both  directions  in  the  interior. 

Hale's  rocket,  by  dispensing  witli  the  long  and  unwieldy 
guide-stick,  is  a  great  improvement ;  but  it  is  not  the  only  one 
which  has  been  made.  The  great  difficulty  in  rocket-firing,  is  to 
get  them  to  start  in  the  right  direction.  Long  'before  it  has 
attained  anything  like  its  maximum  velocity,  it  commences  to 
move,  and  the  moment  it  loses  the  support  of  the  tube  or  trough, 
it  begins  to  fall  or  "  dip,"  and  before  the  constantly  increasing 
velocity  is  great  enough  to  overcome  this  disposition,  the  rocket 
will  probably  ricochet  on  the  ground ;  and  this,  especially  with 
Hale's,  is  apt  to  throw  it  very  much  out  of  its  course,  and  add  to 
its  otherwise  inaccurate  firing.  Mr.  Hale  has  striven  to  over- 
come this  difficulty  by  placing  his  rocket  behind  a  strong  spring, 
which  holds  it  until  it  has  acquired  force  enough  both  to  over- 
come its  own  inertia  and  the  strength  of  the  spring,  when  it  is  re- 
leased with  a  much  greater  velocity,  and  but  little  of  its  former 
disposition  to  "dip." 

A  great  objection  to  these  rockets  made  with  metal  cases,  is 
that  from  tlie  expansion  and  contraction  of  the  metal,  cracks  and 
flaws  are  formed,  after  a  time,  which  give  passage  to  the  flame. 
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f  rery  ny'idly  tlis  rate  of  cotnliustion,  umI  sometimM 
e  tlui  rocket  (o  toplodu  like  &  cliargu  of  ^npowder.  Itoi:kotA, 
a  kept  uiy  Itmgth  of  time,  uro  [Utrticiil&rljr  Ufthlc  to  thU  scci- 
It  it  Btutml  th&t  in  Nuv  UtutiiM,  Kliere  tlie  elimatd  ii  very 
,  tba  common  tky-ruckrt  cKiitiut  L>c  kept  for  uiy  length  of 
I  willitinl  iMTing  iutiji-ct  to  tho  sune  defect ;  ftnd  tbpjr  are 
s  nwtorvd  to  tlioir  former  condition  by  Boakiog  them  for 
t  time  iit  WAtvr,  and  then  drying  them. 

nksvrAcrvtM  or  raojnnnjii. 


a  tbo  nuumfftctoro  of  projectile*,  iron  moulds  hnre  winotiniei 

B  Bwd,  but  are  funnd  to  mmkn  an  inferior,  Lrittlc  article^  liable 

)  njUj  bruken,  jirincipally  from  the  inore  rapid  cooling;  uf 

I  metal.    Tlici  mouldn  arc  now  made  of  aand,  timilar  to  tbat 

1  in  cwtitiji  gtto* ;  thuugli  a  leai  rcfrautory  Mad  u  nwdi-d,  ai 

r  maa*  of  metal  i«  leci,  and  poaaaaiM,  ootwoquontly,  a  loM 

it  of  beat.    It  IN  a«  beror%  mixed  with  day-  water,  to  give 

D  and  cooaincncy. 

MocLHBO. — Tbo  modid  consbta  of  two  polished  hcmi«pbeRa 

,  whieli,  fitted  togvlber  by  means  fif  a  in'oove  in  one 

1  prejeetin^  edge  in  the  other,  form  a  ixafect  fphcm.    One  of 

tl>«9i>  hr-nii>]>lifrica  ta  plaieed  on  a  board  or  other  ]ilana  anrfaue. 

Oror  ttu>  1-  I'krod  one  half  of  the  Jlati,  a  shevt-inHi  box  in  two 

«rU  (Fig.  I'll,  PL  8)  made  to  fit  each  other,  for  the  purpow  of 

{  tlie  mould.     Each  Iialf  has  a  moraUe  bottom^  taken 

I  the  wnd  is  plaoed  in.     Each  one  of  the  copper  heml- 

■  bM  in  the  bottom  a  hole  and  thread  of  a  ktow,  e,  bfo 

rvUeli  a  handle  cmn  be  placed  to  lift  the  modd  oat  of  the  mould, 

^  ami  on  the  uetside  at  4^  a  conespuiding  bote  and  thrmd  into 

1  the  handle  h  is  now  acrewed.    A  round  ttiek.  ti,  U  bold  in 

B  poaition  apuost  the  board  oo  which  the  flaak  RSta,  and 

>  nwmldinf!  is  driren  conpaetly  in  until  the  flaak  is  fiUI  lo  the 

0 1/,  whtm  it  is  aecorately  loreled  off,  the  boodle  h  uuBRiwed, 

'  aad  with  Uio  stick  <■  nmtoTw)-    The  bottom  is  pUced  on,  aacured 

\  (■  ila  plar«,  ami  tlie  whulc  tnracd  oror;  the  board,  g  A,  taken  ttf 

I  iMd  the  otlwr  half-model  and  flaak  a4jaited  on  top  of  |1»«  Ant 

*  mmtdfjftand  being  tpriaklod  on  top  of  the  halfmonld  forauid, 

|«»inv«itth«otherfn»Bfftfa:klagloiL    Fig.  IM. 

1* 
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After  screwing  the  handle  of  the  other  half-model  in  its  place, 
this  flask  is  filled,  the  handle  removed,  and  bottom  put  on  in  the 
same  way  as  at  first. 

The  top  half  is  then  taken  off  and  turned  over,  and  both  half- 
models  are  taken  out  by  screwing  in  the  handle  at  a,  and  lifting 
them  up  carefully  so  as  not  to  break  the  mould ;  a  passage  is  cut 
at  c^  across  from  the  channel  ft,  and  if  casting  solid  shot,  the  hole 
left  by  the  handle  at  (2  is  closed  with  sand.  Any  parts  which 
have  been  broken  away  are  now  repaired  by  hand,  and  the  whole 
interior  is  covered  with  coke-wash ;  the  mould  is  placed  in  an 
oven  to  be  thoroughly  dried,*  after  which  the  two  parts  are  fast- 
ened together,  with  the  two  apertures  h  and  e  uppermost. 

Oastino. — ^Tho  metal,  in  a  proper  state  of  fiuidity,  is  brought 
from  the  furnace  in  a  bucket  or  ladle,  formed  as  shown  in  Fig. 
103,  PI.  8,  of  iron,  coated  with  clay,  having  wrought-iron  or 
wooden  handles,  and  poured  into  the  mould  2Xf^  entering  at  the 
side  to  prevent  injury  to  the  form.  As  it  rises,  the  air  escapes  at 
6,  which  also  serves  as  a  dead-head  to  collect  the  scoria,  if  any 
enters,  and  furnishes  metal  to  supply  the  shrinkage  caused  by 
cooling. 

CioBB. — ^In  casting  shells,  the  mould  is  made  in  the  same  way, 
but  a  core  is  needed  in  addition.  This  is  a  sphere  of  the  proper 
size,  made  by  compressing  the  moulding  composition  on  a  stem  ft. 
Fig.  105,  PI.  8,  by  means  of  two  cups.  Fig.  104,  PI.  8,  the  requi- 
site compression  being  given  by  screws  placed  at  a,  h^  and  c. 
This  core  is,  by  means  of  a  guage,  placed  exactly  in  the  center  of 
the  mould,  and  supported  in  that  position  by  the  stem  placed  in 
the  hole,  which,  in  casting  solid  shot  was  closed.  The  core  being 
subjected  to  greater  heat  than  the  other  portion  of  the  mould, 
should  be  made  of  a  more  refractory  sand.  The  stem,  besides 
supporting  the  core,  forms  the  fuze-hole  for  the  shell.  It  is 
formed  of  a  thick  wire  covered  with  the  moulding  composition.! 
After  the  casting  has  become  cool,  the  core  is  broken  up  and 
removed ;  and  the  projecting  portions  at  the  gate,  o.  Fig.  102, 


*  Until  recently,  the  moolds  were  not  dried  before  casting,  bat  casting  after  the 
mould  is  dried  is  found  to  produce  a  much  smoother,  better  shot  than  when  cast  wet 
or  "green.** 

f  The  stem  is  sometimes  made  hollow,  as  at  a,  a,  a,  Fig.  106,  PI  8,  to  allow  the 
escape  of  any  gases  which  may  form  from  the  effect  of  the  heated  metid 
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&,  and  aronnd  the  l^aee  where  tlie  two  halves  join,  are  taken 
with  s  hammer  and  chisel. 

PousiflNO. — A  number  of  tlie  balls  are  now  placed  in  a  large 
rolving  iron  cylinder,  which,  by  friction,  polishee  and  makes 
t  eurfucc  more  iinifonn ;  after  which,  and  before  any  lacker  or 
E««e  w  placed  on  them,  they  are  inspected. 

AU  projectiles  fur  large  ordnance  are  made  of  cast  iron, 
migh  other  metals  have  been  nscd,  and,  until  recently,  the  Mex.< 
uu  osed  capper  to  a  great  extent,  and,  perhaps,  still  do  so. 

Brufre. — Projectiles  for  small  arms  are  made  of  lead,  and 
c  iDClii'xl  uf  compTf^on  is  now  nscd  in  preference  to  casting, 
kd  fumiithes  a  more  uniform  and  homogeiieons  bullet. 
I  Matekuls. — All  projectiles  for  our  service,  for  cannon  are 
nfactarod  in  private  foundries,  and  inspected  by  officers  of 
le  ordnance,  before  they  are  received  into  service.  After  which 
ley  are  covered  witli  a  coating  of  lacker,  and  placed  in  piles  of 
iffcrent  eJzcs  until  they  are  wanted.  Tlie  compressed  elongated 
■Hots  are  now  made  in  our  arsenals,  by  a  very  ingenious  piece 
f  machinury  which  turns  them  out  very  rapidly  and  very 
crfect. 

^etron  nsed  in  the  manufacture  of  projectiles  should  he  what 
(commonly  termed  gray  or  motiled,«aA  sliould  be  of  good  qual- 
y,  especially  for  spherical  case-sliot,  which  requires  more  care  on 
coomit  of  the  tliinnesB  of  the  sides. 

Ikbpkctino. — The  maimer  of  inspecting  shot  and  shell,  and  tlie 
Utrnments  used,  will  now  he  described.  To  ascertain  if  they 
re  of  the  proper  weight,  several  parcels,  of  from  twenty  to  fifty, 
n  ireigbed,  being  taken  from  the  pile  indiscrirainately.  If  any 
re  fonikd  smaller  than  the  rest,  they  are  weighed  separately,  and 
[oetcd  if  they  fall  short  of  the  proper  weight  by  a  small  frac- 
which  has  been  successively  reduced  as  the  improvements  in 
of  casting  enabled  a  higher  standard  to  be  reached.  They 
exceed  the  retjuired  weight. 

"  the  weight  of  a  cast-iron  shot  of  any  diameter,  mnlti- 
le  cube  of  itx  diameter  in  inches  by  0.1.34.  Tlie  result  will 
thtt  weight  in  jioTindri.  If  the  weight  of  a  shell  is  required, 
in  this  rule  the  dift'erence  between  the  exterior  and  interior 
.meters  in  place  of  the  diameter.  i"D'  being  thesolid  contents 
my  gphere,  and  0.2607  =  the  weight  of  a  cubic  inch  of  cast 
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iron,  the  weight  of  a  east-iron  sphere  will  be  =^?ri?*  x  0.2607= 

?:^  X  0.2607i>'=0.134i>". 
o 

The  multiple  in  the  case  of  lead  balls  is  0.214:2. 

To  find  the  diameter  of  a  cast-iron  shot  of  a  given  weight,  re- 
verse the  rule :  divide  the  weight  by  0.184,  and  the  cube  root  of 
the  quotient  will  be  the  diameter  in  inches. 

The  shot  is  inspected  while  perfectly  clean,  and  before  becom- 
ing rusty,  BO  that  the  eye  can  detect  any  flaws  or  imperfections  in 
the  metal.  K  any  attempts  have  been  made  to  fill  these  with 
iron,  cement,  &c.,  the  shot  is  at  once  rejected  without  further 
examination.  Such  holes  as  are  found  are  probed  with  a  ateel 
punchj  or  struck  with  the  pointed  end  of  the  inspecting  hammer. 

This  hammer  weighs  about  half  a  pound,  and  is  flat  at  one  end 
for  sounding  shot  and  shell,  and  conical  at  the  other.  Cavities 
over  0.2  in.  deep,  cause  rejection. 

The  BiKG-GvAaB,  Fig.  106,  PL  8,  is  a  ring  of  iron  with  a  wooden 
handle,  used  to  determine  the  diameter  of  the  shot.  Two  sizes 
are  used.  The  largest  is  0.02  or  0.03  in.  greater  than  the  tT^ue 
diameter  of  the  shot,  and  the  smallest  0.02  or  0.03  less  than  the 
true  diameter.  The  shot  must  pass  in  any  direction  through  the 
large  guage,  and  not  at  all  through  the  small  one. 

(For  dimensions  see  Appendix,  p.  28). 

The  size  of  grape  and  canister  shot  is  determined  by  using  a 
large  and  small  guage  attached  at  the<  opposite  ends  of  the  same 
handle,  Fig.  107,  PL  8.  The  surface  should  be  smooth  and  free 
from  seams. 

The  Ctlindee-Giiaoe,  Fig.  108,  PL  8,  is  a  cast-iron  cylinder 
with  reinforce  bands  on  the  exterior,  and  an  interior  diameter 
equal  to  the  diameter  of  the  large  ring-guage.  This  is  placed  on 
blocks  of  wood,  with  one  end  about  2  inches  higher  than  the  other, 
in  such  a  position  as  to  be  easily  turned  so  that  it  will  not  be 
worn  in  farrows  by  the  shot  rolling  through  it.  The  shot  is  then 
rolled  through.  They  should  pass  through  without  sticking  or 
sliding.  In  this  last  case,  it  shows  that  some  one  diameter  is  too 
large.  In  case  they  stick,  they  are  pushed  out  from  the  lower  end 
with  a  rammer. 

(For  dimensions  see  Appendix,  p.  28.) 

The  soundness  or  strength  of  shot  is  proved  by  dropping  them 
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height  of  20  feet,  on  an  iron  Lloek,  or  rolling  tliem  down 
ittcltned  plain  of  that  height  against  a  shot  at  the  bottom. 
Shells  and  hoUow  shot  are  inspected  in  the  same  way,  but 
[Uire  in  addition  the  following  instmments : — 
Cjuxipeks,  Fig.  109,  PI.  8,  for  tneaauring  the  ikickness  <^  tJie 
fal  at  the  tides,  which  consist  of  two  bent  arms  movable  on  a 
in  pivot,  and  showing  on  a  graduated  arc  the  thickness  of 
metal ;  or,  Fig-  110,  PI.  8,  of  one  strait  arm  which  is  placed 
Igcnt  to  the  ontside  of  tlie  shell,  and  one  bent,  which  is  inserted 
the  shell,  the  thickness  being  shown  on  a  graduated  limb  which 

the  two. 
Caltiptrs,  Fig.  lll,yor  measuring  the  thickness  of  the  shell  at 
hvUom,  which  constat  of  two  straight  arms  connected  bj  a 
lolir  piece.  One  of  these  arms  is  inserted  in  the  shell,  and  the 
-,  being  movable,  ahowa  on  a  graduated  side  the  thickness  of 
metal. 

OcAOES,  Fig.  112,  for  the  dimensions  of  the  fuse  hole  and 
ofm<tiil  at  that  point. — These  are  pieces  nf  plate  metal 
<vixxg  inclined  tides  to  fit  the  fuze  liole,  witli  the  proper  dimcn- 
mur^ed  on  them  for  eacli  caliber. 
A  pair  of  hand  beilows,  and  a  wooden  plug  to  fit  the  fuze  hole, 
"  Iforcd  through  to  receive  the  nose  of  the  bellows, 
"IThi  «hell  is  aonnded  with  the  hammer,  to  see  if  it  is  free  from 
lelti.  The  position  and  dimensions  of  the  ears  are  verified ;  the 
tcimcsii  of  metal  is  measured  at  several  points  on  the  great  circle 
arpendicalar  to  tlie  axis  of  the  fuze  lioIc,  at  the  bottom  and  at 
e  fnte  hole.  The  diameter  of  the  fiize  hole,  wtiich  should  bo 
cnrately  reamed  out,  U  measured  with  the  guagc ;  and  the  soiind- 
of  the  metal  about  the  inside  of  the  hole  ia  ascert^ed  by 
Krting  the  finger. 

Tbo  shell  is  now  placed  in  a  tub  with  water,  deep  enough  to 
ver  it  nearly  t-i)  the  fuze  hole ;  the  bellows  and  ping  are  inserted 
the  ftize  hole,  and  air  forced  in.  If  there  are  any  liolos  in  the 
bU,  bnbhlca  of  air  will  rise  through  tJie  water,  Slionld  there  be 
y  cavities  in  the  metal,  those  portions  will  dry  more  slowly 
n  the  others. 

Shot  and  shells  rejected  in  the  inspection  are  marked  with  a 
ld-cbi«cl  with  an  X, — the  shells  near  the  fuze  hole,  the  shot 
ar  the  gat^!,  or  point  where  the  metal  entered  the  mould. 
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The  shot  and  shell,  as  soon  as  received,  are  covered  with  a 
coating  of  lacker,  which  should  be  renewed  from  time  to  time  as 
required. 

Pbesebvation. — Shot  and  shell  are  preserved  in  piles  accord- 
ing to  kind  and  caliber,  under  shelter  if  practicable,  where  there 
is  a  free  circulation  of  air.  The  width  of  the  bottom  tier  may  be 
from  12  to  14  balls,  according  to  the  caliber. 

The  ground  should  be  prepared,  by  raising  it  a  little  above  the 
surrounding  surface  to  throw  oflF  the  water,  leveling  it,  ramming 
it,  and  covering  it  with  a  layer  of  clean  sand.  Bury  a  tier  of 
unserviceable  balls  about  f  of  their  diameter  in  the  sand.  Place 
the  fuze  holes  of  shells  down  in  the  intervals,  and  not  resting  on 
those  below.  Each  pile  is  marked  with  the  number  of  balls  it 
contains. 

The  base  may  be  made  of  brick,  concrete,  stone,  or  with  braces 
and  borders  of  iron. 

Grape  and  canister  shot  should  be  oiled  or  lackered,  put  in 
pUes  or  in  strong  boxes,  on  the  ground  floor,  or  in  dry  cellars, 
each  box  marked  with  its  kind,  caliber,  and  number. 

Each  pile  should  contain  only  one  kind  and  caliber  of  shot) 
and  the  bed  may  be  covered  with  coal>aishes,  or  any  thing  else 
which  will  not  promote  vegetation. 

There  are  three  kinds  of  piles  used,  with  oblong,  square,  and 
triangular  bases ;  and  it  often  becomes  necessary  to  calculate 
rapidly  the  number  of  balls  contained  in  them.  To  do  this,  the 
following  formulas  are  used : — 

In  an  oblong  pile  which  has  a  rectangular  base,  let  n=  the 
number  of  balls  in  the  width  of  the  base.  In  the  triangular  end 
the  number  of  balls  in  the  different  horizontal  layers  will  increase 
in  arithmetical  progression  from  1,  at  the  top  to  n,  which  is  the 
bottom  row.  The  sum  to  the  nth.  term,  or  the  number  in  the  end, 

will  then  be  = — ^- —  ''    Eepresenting  by  m  the  number  of  balls 

contained  in  the  v^pper  edge  of  the  pile,  that  in  each  of  the  lower 
edges  parallel  to  it  will  be  represented  by  m+n— 1.  Considering 
the  pile  as  a  triangular  prism  whose  bases  are  oblique  to  each 
other,  its  contents  will  be  equal  to  the  number  in  one  of  the  trian- 
gular bases  (the  end  of  the  pile),  multiplied  by  the  mean  of  the 
three  parallel  edges,  representing  the  altitude  of  the  prism — that 
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\^y 


Ilcncc,  tlie  number  of  balls  is  =: 


,.  («+i) 


-  and  the  rule, — Multiply  the  nuniher  of  halle  in  a 

triangular  faco  tiy  one  third  the  sum  of  the  three  parallel  e^gea. 
If  Uie  I)88C  of  the  pile  ia  square,  in  becomes  =1,  and  the  for- 

rnulA  reduces  to  n  — ^     ■-  -  -     ^ '  and  if  it  is  triangular,  m  is 

=  I  03  before,  and  another  of  the  parallel  edges  reduces  to  1,  while 

the  Uiird  u  =n,  and  tlie  fomuila  becomes  n  ^ — - '  ^-^ — ^' 
2  3 

If  we  have  given  the  number  of  balls  to  be  piled  and  the 

dtli  of  an  oblong  pile,  m  the  length  of  the  top  row,  and  the 

pro  Hides  of  the  fiase  can  be  at  once  deduced  from  the  formula. 

If  a  jiile  consists  of  two  piles  joined  at  a  right  angle,  to  find 

!  contents  of  it  calculate  the  number  contained  in  one  as  a 

mon  oblong  pile,  and  the  other  as  a  pile  of  which  the  three 

1  edges  are  equal. 
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CHAPTER   VI. 


ABTILLEBY  MATEBIAL; 


Under  the  term  artillery  materialy  are  included  all  carriages 
and  machines  nsed  for  the  service  of  the  pieces,  tor  the  transport- 
ation of  the  munitions  of  war,  and  for  the  establishment  of  the 
movable  bridges  necessary  on  the  marches  of  an  army.  In  the 
United  States'  service,  the  term  is  more  restricted,  and  does  not 
include  the  apparatus  for  bridges,  which  is  placed  under  charge 
of  the  engineers ;  a  special  company  having  been  formed  during 
the  Mexican  war,  and  kept  up  ever  since. 

A  ffim  carriage  is  the  machine  on  which  a  piece  is  mounted 
for  maneuvering  and  firing. 

Those  first  in  use  consisted  of  blocks  of  wood  or  frame  struc- 
tures, upon  which  the  ancient  bombardes  were  fixed,  by  means 
of  iron  work.  These  machines,  made  in  imitation  of  the  mount- 
ings of  small  arms,  bore  the  names  "  fast,"  "  fustage,"  "  house," 
the  first  of  which  seems  to  be  derived  from  the  latin  yW^w  (club, 
baton),  from  which  the  French  have  got  their  term  aff4t  (gun 
carriage). 

These  bombardes  were  sometimes 
mounted  on  their  carriages  by  means 
of  a  screw  formed  behind  the  breech, 
L,  Fig.  113 ;  and  later,  a  kind  of  car- 
riage, 0,  Fig.  114,  was  made  use  of.    It  consisted  of  a  framework 
which  could  be  raised  or  lowered  by  the  use  of         .  BomUrd*. 
iron  pins  placed  in  the  uprights  of  a  firm  ^t; 
structure. 

In  the  next  form.  Fig.  115,  the  framework 
was  mounted  upon  wheels,  or  rather  rollers,  by  ng.  m. 


Bombarde. 


Fig.  118. 


GL'K-CAERIAGE& 


AS  of  which  the  piece 
3  transported  &nd  fired 
pnxontaJly. 

When  the  arm  was  of 
nail  caliber,  it  was 
ounted  npon  a  light 
voden  horse,  or  placed  rig.  iis. 

i  a  eniaU  wheel-barrow,  wliich  served  to  tiaiiaport  and  fire  it. 
"Wlien  tninnions  were  first  used  on  guns,  the  carriages  had 


Hntncd  pretty  much  tlie  form  they  now  have.    And  from  the 
le  of  Louis  XI.  and  Charles  VIII,  (1461),  a  Umber  was  used 

lith  the  carriage,  and  taken  away,  as  now,  when  the  piece  was 

i  be  fired.    The  horses  were  harnessed  to  it  in  single  file,  &s  in 
ivy  draye  of  the  present  day. 

The  carriages  of  pieces  of  small  caliber  had  no  Umber,  and 
IK  of  mort&re  and  bombardes  were  mounted  npon  four  small 

rboeU. 
At  this  period,  the  other  part  of  the  material 

DEuistcd  of  carts  carrying  powder  and  projec- 

ilei. 
The    largest-sized    pieces    were  carried    on 

From  the  time  of  Henry  II.  (loiT)  boats  were  transported  on 
Vrmges  in  tlie  rear  of  armies,  and  used  for  the  construction  of 
iridges. 

VALLtCEE'fl  System. — ^The  structure  of  gim  carriages  in  France, 
I  undergone  hut  Uttle  modification  from  the  earliest  time^;  and 
«■  Vallicre'e  system  did  not  change  it.  His  system  regulated 
fimply  the  caliber  of  the  pieces,  and  did  not  extend  to  the  car- 
nage*, tlie  forms  of  which  were  very  variable.  Gnn  and  howit- 
pn-  canriagos  preserved  the  old  form.  Those  fof  mortars  were  not 
ID  high,  aud  had  no  wheels.     As  formerly,  the  supplies  wcro 
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transported  in  carts,  the  horses,  being  still  harnessed  in  single  file. 
Copper  pontoons  took  the  place  of  the  boats. 

In  battle,  a  pile  of  balls,  one  of  wads,  and  a  barrel  of  powder, 
were  placed  near  each  piece.     The  f^) 

charge  was  taken  from  the  barrel  and  «g.  na 

placed  in  the  piece  with  a  kind  of  long-handled  ladle  (Fig.  118). 

This  kind  of  artillery,  devoid  of  all  mobility,  was  more  par- 
ticularly suited  for  the  attack  and  defense  of  fortified  places. 

Gribeauval's  System  succeeded  that  of  Valliere  in  1765,  and 
was  the  first  in  which  the  diiferent  parts  were  perfectly  regulated 
and  made  uniform,  so  that  the  p^rts  of  any  carriage  could  be 
used  on  any  other  of  the  same  kind. 

A  tongue  was  used  and  the  horses  harnessed  double,  which 
enabled  more  rapid  movements  to  be  made,  and  shortened  the 
columns  of  troops  very  much.  From  this  period,  we  find  estab- 
lished a  distinction  between  siege,  garrison,  sea-coast,  and  field 
artillery ;  and  in  the  last-named  the  charges  were  carried  in  boxes 
called  caissons,  all  ready  for  use. 

Desirous  of  giving  to  his  system  the  greatest  possible  light- 
ness and  mobility,  Gribeauval  calculated  the  minimum  dimen- 
sions which  the  diflferent  parts  of  his  carriage  should  have ;  but, 
from  this  resulted  the  grave  inconvenience  of  a  great  multiplicity 
of  kinds,  which  rendered  their  replacement  in  war  very  difficult. 
He  replaced  the  pontoons,  which  were  not  suitable  for  navigation, 
by  large  boats,  better  fitted  for  making  bridges. 

The  mode  of  harnessing  the  horses  in  this  system,  was  espe- 
cially calculated  to  preserve  them.  In  the  year  XI.  attempts 
were  made  to  modify  the  system,  but  were  not  successful  except 
in  the  bridge  equipage,  which  was  made  much  lighter. 

Each  piece  had  a  particular  gun  carriage,  and  its  own  sized 
wheels.  The  greater  part  of  the  wagons  also  had  distinct  wheels. 
The  limbers  were  simplified,  and  some  could  be  used  with  several 
difierent  carriages.  Eighteen  different  kinds  of  wheels  were  used. 
In  1814,  there  were  in  France  seven  kinds  of  field  gun-carriages, 
six  of  siege,  four  of  garrison,  four  of  sea-coast,  and  four  of -mor- 
tars. These  are  now  reduced  to  two  of  the  1st  and  2d ;  four  of 
the  garrison  and  sea-coast,  one  mountain  and  four  mortar  carts. 

XJ.  S.  Carriages. — ^The  most  essential  properties  of  the  present 
artillery  material  both  of  France  and  this  country  are :  its  mo- 
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itT,  and  the  redaction  of  the  different  ktnda  to  tlie  smallest  poB- 
ilo  namber.     All  field  carriages  in  tbe  U.  S.  service  have  the 

le  Uinbcr,  and  the  wheels  are  all  of  the  same  form  and  height^ 
fit  on  the  Bame  axle-tree.  They  differ  only  in  strength  and 
tight  There  are  two  numbers:  No,  1,  the  lightest,  is  used  for 
6-poiind  gun  carriage,  the  caisson,  forge,  battery-wagon,  and 
U)  limbers  of  all  field  carriages ;  No.  2,  the  heaviest,  for  the  24- 
(mnd  howitzer  and  12-pound  giin  carriages. 

For  siege  service,  all  the  wheels  arc  the  same,  and  used  indis- 
imitiately  on  all  gun-carriages,  limbers,  and  mortar-wagons. 

The  same  limber  is  used  for  all  siege-carriages. 

Gribeauval's  carriagea  were  provided  with  swingle-trees  and 
lovable  Bpl inter-bars,  like  a  stage,  with  a  view  to  give  the  horses 

possible  liberty  of  motion.  Tliis  arrangement  made  tlie  two 
■rts  of  the  carriage  dependent  upon  each  other ;  allowed  but 
\thi  flexibility ;  tbe  connection  between  the  two  often  broke ;  the 
Mllest  obstacle  would  overturn,  or  separate  the  two  parts ;  and 
le  cusftOB  could  not  turn  with  sufficient  ease.  It  was  difficult  to 
Dlbcr  ajid  tmliraber,  the  trail  being  very  heavy,  and  it  being 
KesMry  previously  to  lift  ofi'from  its  position  on  the  trail  the 

ivy  boi  which  contained  the  ammunition,  Manceuvring  with 
IB  prolonge  in  presence  of  the  enemy  became  necessary,  which 

idored  the  draught  extremely  difficult,  and  caused  many  acci- 
tat*. 

The  awingle-tree,  being  liable  to  get  out  of  order  and  break, 
jiow  entirely  dispensed  with.  In  field-carriages,  the  end  of  tlie 
HigiiG  is  supported  by  the  horses ;  and  the  two  parts  being 
iled  at  a  single  point,  are  perfectly  flexible,  and  can  pass  over 
be  roughest  ground  williout  accident.  The  separation  of  llie  two 
llrte  is  effected  without  any  difficidty,  and  the  use  of  the  prolonge 
I  tbo  presence  of  tlie  enemy  is  now  entirely  abandoned. 

Tlie  siegB-camagea  serve  not  only  to  fire  the  pieces  from,  but 

>  to  transport  them.  Garrison  and  eca-coast  carriages  can  be 
•ed  only  fur  the  former  ;  though  some  of  them  are  so  made  as  to 
0  able  (o  transport  the  jiiece  for  very  short  distances,  us  from 

I  face  of  a  fortification  to  another. 

Tlio  French  use  bronze  for  their  nave-boxes  entirely,  as  the 

^  friction  of  the  iron  axle-tree  against  it  is  favorable  to  the 
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>     -^  .  '.'i   jiir  siege-carriage  wheels,  bnt  cast 

...  ..  ..Livi-o-.trriage  similar  to  our  own  ;  but  the 

.L.  .:  ..laa  rlie  liind  ones,  and  instead  of  having 

.   .V  .  .'..Liiviint:  all  the  way  across  the  limber,  they 

.    w,  oiiving  an  interval  between  to  enable 

-t     »i.t.\.\  '.ire  pintle-hook  being  very  long,  and 

ic   Kiicoiii  line  of  the  boxes.    Instead  of  a 

.•■.ix,  i  iiiugtH-l  hasp  is  used,  which  turns  down 

.c    'iiiiio-huok,  and  has  to  be  raised  and  turned 

ivvLva  the  two  boxes  before  the  piece  can  be 

Nt     'aaticiilHr  advantage  is  obtained  from  this 

...^.   r   uie^  the  great  disadvantages  of  lessening  the 

V    V  .V    oi   ^inintunition,  and  destroying,  or  at  least 

.i.i».i},  its  quality  as  a  seat  for  cannoneers. 

..  .N   .    !w' "UvMitications  made  in  the  Gribeauval  system, 

, *      .    i»v  oariiagi»8  is  increased.     Repairs,  always  so 

,1^,  »«v  -uiulo  with  greater  ease,  the  parts  being  able 

V    V.X.*    ^U'i's  {»laow ;  and  the  field  artillery  possesses  all 

,  s ,  ,^*.  *    *vK\ci*  [^.»  sv'izo  j>romptly  the  favorable  occasions  to 

^Ko,  MKiv  bo  divided  into  movable  and  stationary 

As",  wwwx  i-lasB  belong  those  used  in  the  field  and 
llio  i\»uditions  which  they  should  fulfill  will 

I 

\ .     .  s.  N  .  u. » Mf<\*rt  Htx^  ui;t^  for  the  transportation  of  the  pieces, 
,..  K\    i^M:;  ihom;  and  are,  for  these  purposes,  mounted 

.^.\.;,    u*  v-nrriagt^  ehould  yield  to  the  recoil.    Were  it 
'  .  .„  %  •  *' V .  i(  w  \»uUI  noon  be  destroyed,  no  matter  how  great 
.  ■.*       1-.51  >*ciijht  should  be  proportional  to  that  of  the 
'    KN*  ^v^*\  \,  it  would  soon  be  destroyed  by  the  shocks  of 
V.  ivv  liAjbt,  the  recoil  would  be  immoderate.    Tlie 
..K  :,\!  *'wj4\H  bo  loss  tliau  that  of  the  piece.    Too  heavy 
.vv   i  \»^»  -vv  b^ht  a  carriage  will  perform  better  service  than 
^..,*.^  4. liutj^viuout,  since  tiio  effort  exerted  by  a  piece  is  a 

.4  ,».  .'^  *^(:4^  into  the  square  of  its  velocity. 

'»u  >aiM.4^o  vvusists  of  two  cheeks,  connected  together  and 


N*     ■■• 


,    .^x  "■    ^    \'**^  *» 
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witb  tli«  ttock  bjr  ajweaililhifc-bolu.  T!ic  JVoDt  part  nippurtc  die 
pitxe.  Mid  IT*U  uiHtn  ui  u[lo-trL>e  funiUlied  wtUi  wlicok,  Uie 
bade  cod  of  the  aliick  or  trail  resting  on  the  gnnind,  ud  funning 
tlw  third  point  of  fiippnrt  for  the  wjatexn. 

Tho  pKrta  of  the  e«mag«  betwwto  wUdi  thft  piece  is  phured 

m  eallMl  thu  chttia.     In  utctcnt  nuriBiitt*  llicMt  cht>ek>  oxlended 

■U  the  way  to  the  ground,  juined  to  iwcli  otho*  bjr  truuoioa  uid 

bolt*;  but  in  ibe  new,  tlko  citcelcy  are  »hort,  «nd  fanlvncd  apoo  a 

•loek  fonned  of  two  pivcea  dote  together,  iind  ti^rmiuituif;  in  the 

tna. 

The  wheel  u  conipowd  of  a  notv,  into  which  the  axlc-treo 
anten ;  of  m  nrtain  number  of  tpoktM  futvoed  in  the  nave ;  and 
the  cirr^nifcrvnn;  itf  ihu  wheel,  which  is  eompotod  of  a  nnnitier 
ofyW/oiv  wjuiU  to  tialJ*  the  unmber  of  ^>oke*. 

The  wUt'l*  are  alwkjs  made  with  a  eeriain  ooRTiexitT  calkd 
the  dUh,  Tlte  obIii|uitj  of  the  spokee  gjvee  daMioiljr  lu  iho 
wheel,  and  pmleou  it  from  ahocka  which,  were  the  apokea  in  lh« 
aane  plani%  would  deatro^  iL  The  diah  ahoold  increaae  a*  the 
gmnnd  to  bo  paMcd  over  boeonMa  mora  broken. 

Tlie  tibjtx-l  of  the  diah  ia,  for  the  |>nrpuae  of  making  the  body 
ti  th«  earrisp]  wider ;  lo  dimlnlab  the  length  of  the  aslo-Croa, 
ttoa  ioercaaing  ita  strength  ;  to  throw  the  mad  and  water  ontrida 
the  whcela ;  and  t<)  l«nd,  from  the  efinrt  prodnred  hy  the  deeoiD* 
poaition  of  forces,  to  keep  llie  wheel  rloac  againat  the  earriage, 
and  |ir)ircnt  anr  liindenry  to  run  off  iLe  asli;. 

Aa  the  wdf^lit  of  the  carTiafn>  aboald  not  be  iDetTa»rd  brrond 
■  certain  pirint,  it  id  only  hj  making  bm  of  frirtion.  akillfally 
applied,  that  the  re<;oil  can  be  dimlnivbed.  He  fVirtkm  of  a 
whael  ia  proportional  to  titc  ratio  between  the  radii  of  the 
iriMll  and  axle.  The  twoU  of  the  earriage  mar  l>«  dimiuiahnl 
tgr  deoreaaing  the  diamvtor  of  ita  wbcela,  or  itKtcaaing  lliat  of  iu 
ttl&  for  Ihii  n.-aann,  cvrtain  carriagea  {aa,  tut  asampU,  mortar- 
beds)  have  been  mounted  apoo  roUeta,  and  olhafs  upon  woodon 
axlra,  witb  truck  wbcela. 

Ha  waigbl  of  the  whoak^  aa  it  add*  In  the  walg^  of  the  car- 
fllaga^  taada  to  dtmhiiah  the  reeoil.  If  they  are  too  heavy,  they 
Mndo  tb*  *zl*4tM  vary  DnkEh,  and  lend  to  hend  it  Ibe  wbaala 
^BAn  abog  the  gnmnd  at  Arrt,  and  eommanca  to  tsm  only  aAw 
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a  certain  length  of  time ;  but  once  they  have  acquired  a  certain 
velocity,  they  carry  the  carriage  with  them  until  this  velocity  is 
destroyed. 

The  position  of  the  trunnions  exercises  some  influence  over 
the  recoil.  The  higher  they  are  placed  above  the  axle-tree,  the 
greater  is  the  arm  of  the  lever  which  tends  to  force  the  trail  into 
the  ground,  the  more  energetic  is  this  tendency,  and  the  more  is 
the  recoil  diminished. 

For  a  given  angle  of  fire  below  the  horizon,  or  for  a  given 
length  of  carriage,  the  carriage  tends  to  overturn  to  the  rear,  rais- 
ing the  wheels.  The  angle  of  incidence  of  the  line  along  which 
the  shock  of  the  piece  is  transmitted  to  the  ground,  has  a  great 
influence  on  the  recoil  of  the  carriage. 

For  siege-guns  and  howitzers,  the  ancient  carriages  were 
very  heavy,  as  were  also  the  wheels.  The  axle-tree  was  of  wood, 
the  elasticity  of  which  was  necessary  to  prevent  accidents. 
Though  the  carriage  was  very  long,  which  diminished  the  angle 
of  incidence  of  the  force  of  recoil,  the  actual  recoil  was  dimin- 
ished by  the  great  weight  of  the  carriage  and  the  friction  of  the 
axle  in  the  nave. 

In  the  more  modem  carriage,  the  axles  are  of  iron,  and  the 
nave-boxes  of  iron  or  bronze,  which  decreases  the  friction.  The 
trunnions  are  nearer  the  stock,  and  the  carriage,  though  lighter,  is 
shorter,  and  hence  the  pressure  exerted  by  the  trail  on  the  ground 
is  increased,  and  the  recoil  kept  within  proper  limits. 

Pieces,  especially  those  which  are  light  relative  to  their  pro- 
jectiles, strain  their  carriages  a  good  deal,  particularly  when  the 
firing  is  at  angles  of  elevation.  Thus,  a  howitzer  carriage  which 
will  resist  a  horizontal  fire  perfectly,  is  liable  to  be  broken  when 
fired  under  a  large  angle.  The  only  means  to  obviate  this  incon- 
venience is  to  favor  the  recoil  at  first. 

Gribeauval's  howitzers,  which  were  very  light  in  proportion 
to  their  projectiles,  and  which  were  mounted  upon  very  heavy  car- 
riages with  wooden  axles,  frequently  caused  accidents  when  they 
were  fired  at  long  ranges,  or  under  large  angles  of  elevation. 

When  the  space  in  which  a  piece  is  fired  is  limited,  its  recoil 
may  be  reduced  by  using  a  rope,  which,  acting  gradually,  does 
not  break  the  carriage.    The  rope  is  tied  to  the  felloes  near  the 
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best  point  of  both  wheels,  leaving  a  portion  alack,  which, 
ching  on  tlie  stock  when  the  piece  recoils,  forces  tJie  trail  into 
ground. 

Alortare,  which  are  still  lighter  than  howitzers  of  the  old 
del,  Mid  which  are  habitually  fired  under  large  angles,  should 
rer  be  mounted  upon  wheel-carriages ;  for  their  recoil  being 
rv  TJoIent  and  almost  direct,  would  break  and  crush  the  axlee. 
r  this  reason  mortar  carriages  are  without  wheels. 
In  general,  a  gun  carriage  should  be  so  made  as  to  be  easily 
ice<!  in  the  direction  of  an  object,  and  allow  tlic  piece  different 
BCCU  of  elevation  or  depression  within  the  limita  recognized 
^BkMry  for  tlie  kind  of  service  in  which  it  is  to  he  ased.  It 
HHJUki  be  such  as  to  be  easily  manoeuvred  by  the  smallest 
Mfe  onmber  of  men  for  any  particular  caliber,  and  its  recoil 
raid  be  restrained  within  proper  limits. 
Carriages  with  two  wheels,  or  carts,  enjoy  some  special  advan- 
gea,  but  they  have  the  disadvantage  of  requiring  the  first  horse 
taclied  to  them  to  bear  a  part  of  tlie  load,  which  diminislies  his 
»ngbt  powers,  and  the  rate  of  travehng.  This  fact,  recognized 
Din  the  earliest  times,  led  to  the  adoption  of  the  fore  wheels  in 
le  Una  of  the  limber,  by  which  tlie  cart  becomes  a  four-wheeled 
ihicle,  which  runa  easier,  and  is  more  serviceable, 

II  ia  apparent  tliat  for  the  proper  manceuvering  of  the  piece, 
JB  Qf  importance  that  tlie  connection  between  tlie  gun-carriage 
td  it£  limber  should  be  as  easily  and  as  promptly  made  as 
MBiblv, 

Tlie  gnn-carriflgc  and  its  limber  united  form  a  four-wheeled 
ibicle,  which  should  satisfy  the  same  conditions  as  other  car- 
kgea. 

In  all  kinds  of  carriages,  the  case  of  draught  is  increased  by 

llarging  the  diameter  of  the  wheels  and  decreasing  those  of  the 

C6.    There  is,  however,  but  little  advantage  in  using  wheels 

re  than  from  5S  to  62  in.  high.      Tliose  used  in   our  iield- 

rice  are  57  in.,  and  those  for  siege-carriages,  60  in.  high. 

Formerly,  the  greater  part  of  the  axle-tree  was  made  of  wood, 

nting  into   navo-boxee   of  iron,   which  caused   a  considerable 

lount  of  friction  ;  hut  the  elasticity  of  these  axles  was  indispens- 

ble  in  preserving  certain  very  heavy  carriages,  which  did  not 

easy.      Oribeauval   adopted  the  use  of  iron  oxlee  for  the 

,ter  |>art  of  field-carriages,  with  bronze  for  the  nave-bozefl. 
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This  arrangement  allows  the  axles  to  be  made  smaller,  diminishes 
the  friction,  and  favors  the  draft,  and  these  last  objects  are  far- 
ther attained  by  the  nse  of  grease. 

Increasing  the  diameter  of  the  wheel  diminishes  the  draft  in 
soft  groimd ;  as  the  large  wheel  bearing  upon  a  greater  number 
of  points,  makes  a  shallower  rut.  This  is  also  the  case  with  wide 
felloes. 

The  large  wheel  is  also  advantageous  for  surmounting  obsta- 
cles. One  wheel  twice  the  height  of  another  will  surmount,  other 
things  being  equal,  an  obstacle  twice  as  high  as  will  the  small 
wheel. 

On  the  other  hand,  as  the  dimensions  of  the  wheel  increase 
its  weight  and  price  become  greater,  so  that  beyond  58  inches, 
the  advantages  to  be  gained  in  a  few  particular  instances  are  not 
sufficient  to  outweigh  the  objections  to  a  further  increase  in 
diameter. 

It  may  be  remarked  besides,  that  if  the  axletree  be  higher 
than  the  breast  of  the  horse,  there  would  be  a  decomposition  in 
the  tractive  force,  and  the  carriage  would  be  difficult  to  manage 
in  going  down  even  the  most  gradual  descents.  In  this  view, 
then,  there  is  a  limit  to  the  size  of  the  wheel.  As  the  horse  acts 
from  the  shoulder,  the  traces  ought  to  be  inclined  downwards 
from  that  point.  For  an  unloaded  horse,  the  most  advantageous 
angle  of  traction  appears  to  be  about  12^  ;  but  when  he  carries  a 
rider,  as  his  shoulders  are  already  loaded  the  most  advantageous 
angle  is  reduced  to  6^,  which  is  about  the  angle  made  by  the 
traces  in  the  carriage  now  adopted.  This  limits  the  height  of  the 
wheel  to  about  58  inches.  But  as  only  one  of  the  horses  in  each 
couple  carries  a  rider,  it  results  that  the  most  advantageous  angfe 
of  traction  is  really  comprised  between  6°  and  12*^. 

When  the  carriages  are  designed  to  pass  over  very  unequal 
broken  ground,  there  is  an  advantage  in  the  wheels  of  both  parts 
being  equal  in  height ;  for,  were  they  unequal,  the  smallest — ^turn- 
ing the  quickest  to  get  over  the  same  distance— experience  more 
resistance,  and  often  slide  in  place  of  turning ;  besides  which,  a 
small  obstacle,  as  a  stone,  would  suffice  to  stop  them. 

When  the  ground  passed  over  is  very  undulating,  there  is  an 
advantage  in  the  two  parts  of  the  carriage  being  connected  by  a 
single  point,  for  then  they  might  be  on  differently  inclined  ground 
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irithout  linmporin^  nr  drm^nf;  cacli  other.  Tli«  force  of  trac- 
tion at  lltu  Itmlirr  is  tliim  appUciI  to  th«  axlutrcc-  uf  llio  n-ar  car- 
rUi|:e,  ninl  it*  lu-linn  [g  u>  din>ct  ■•  poMiblv. 

In  thii  kiri<]  itf  cnrrift^i-,  tlio  ecntirr  of  frmvity  iilioiild  bo  m 
low  u  iMuMblf,  in  oFtlvr  tlut  tliu  vnrriajce  bo  \cm  liable  (o  turn 


The  clifitnoc*-  bi-twcen  the  oxJctivcB  of  the  lunber  nod  nnu  cmr- 
rioge  ia  of  (*rcat  importance.  A«  tbo  carriage  abutiltl  b«  able  to 
pMi  orer  tltu  sharp  rrwt  i>f  a  liill,  it  iJionlil  out  be  lito  limp ;  for 
tt  tui)tht  liN]i|H.-n  tJiat  tbo  bndv  would  catch  ou  tho  iniuiuit  and 
Uie  whcvhi  be  AURjx'tidtyl  uu  nich  •ide.  Taking  30°  s«  tho  max!- 
Lmma  liape  airoeMitite  to  artillcrj,  and  wc  haw  tar  tho  diataiHM 
■botweuu  the  two  axletrcea : 

I       For  fli^tl  artilltiTT,  &U  inehea.    It  rcaU;r  U  96  uu-hea  for  the 
I  light  jiiw*-*,  and  101.7  Inchci  for  tho  hcary,  in  field  artillerr. 
I        In  fivld-ortilb-r)-  carriage,  ac  t]ie  hiirMw  bear  all  the  weight  of 
1  the  ItiDgue,  it  is  made  a«  light  aa  pouiUoln  order  not  to  be  too 
I  fBti^mg  for  tho  rv«rt«am. 

I  In  f icp!  artillery  it  can  bv  made  much  hearier  and  atmnger 
I  M  (t  la  held  up  b^  the  trail  bearing  upon  tta  rear  end. 
I  To  faoilitalu  mancDvering,  ttie  cmrnagea  thoald  bavu  the 
I  gngateat  turning  capacity  )>oMible.  Two-wheeled  eaniage*  are 
f  Ifc*  onljr  one*  which  can  Inm  on  their  own  gmund.  Foar- 
vhedvd  one*  alwaja  have  to  detcribo  an  arc  of  a  circle  In  car- 
.  riagea  which  hare  all  tl>o  wheola  e>inai,  the  nt>ecaMiry  taming 
L'Capacitj  liMft  btwn  given  hr  mlo'-ing  aa  much  aa  piiMribIc  tha 
I  iridtb  of  Ihv  middle  part  of  the  cnniogc,  cniploring  for  tliat  pur- 
Kpow  a  narrow  »tock.  Hy  this  mean*,  iha  modern  carriage  ha»  at 
f  l«Ht  aa  i^reat  a  turning  capactlr  a*  Uribcanval'a,  the  faro  wheeli 
I  of  wbieb  wcro  the  amatleat. 

b  fiiar-wbevled  carriag«a,  the  two  |>arta  ibcMild  be  luadrd  tn 

proportion  to  the  diameter  of  the  whveU.     TIte  fnat  wheeb, 

breaking  tho  roud  and  forming  the  rut,  meet  with  more  reaiataaoe 

than  tli''  I'i'^'l   ir'irria,  and  ■hould  not  be  t<K>  liesvtlj'  loaded. 

I  Other  ^  .  ::il  the  weiglil  which  iher  carry  ahould  b« 

I  tol)>;>:  .Um^-.a. 

I         TiK  Lvletrca  and  t\M  dUK  of  llw  wImo),  dctar 

I  nine  th<j  wiihli  •'{'  tiio  /mot,  which  i«  the  diatanoe  IwCwmb  iIm 
f  inpcoMoa  of  the  wbeula  on  the  groond  nwnuvd  from  aMlar  to 
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center.  A  knowledge  of  tlie  track  of  a  carriage  and  the 
length  of  its  axletree,  is  indispensable  in  making  reconnoissances 
of  defiles  and  routes  to  be  passed  over  by  columns  of  artillery. 
The  track  of  all  our  carriages  is  60  inches,  and  the  greatest 
length  of  axletree  is  81.8  inches  (siege) ;  the  field  axletree  being 
78.84. 

Field  carriages  should  be  able  to  carry  a  suflScient  quantity  of 
ammunition  to  prevent  the  possibility  of  the  pieces  being  without 
it,  and  to  seat  the  cannoneers  when  it  becomes  necessary  to  move 
at  rapid  gaits. 

All  possible  liberty  should  be  allowed  the  horses  when  har- 
nessed, in  order  that  the  action  of  one  may  not  shackle  the  others, 
that  accidents  may  be  as  rare  as  possible,  and  that  killed  and 
wounded  horses  may  be  replaced  easily  and  promptly. 

A  draught-horse  can  draw  1,800  lbs.  23  miles  a  day,  weight 
of  carriage  included,  on  a  good  smooth  road,  and  3,000  lbs.  on  a 
paved  road.  At  a  trot,'  and  on  good  roads,  the  weight  is  reduced 
to  840  lbs.  In  the  French  field  artillery,  each  horse  has  to  draw 
720  lbs.  In  our  service  it  varies  from  630  to  760  lbs.  for  the  field 
service,  and  from  900  to  1,000  lbs.  for  the  siege. 

As,  upon  ordinary  roads,  a  horse  can  draw  about  seven  times 
as  much  as  he  can  carry,  and  the  mule  about  the  same,  it  follows 
that  military  stores  and  machines  should  be  packed  only  when 
they  cannot  be  drawn. 

A  good  pack-horse  or  mule  can  carry  from  250  to  300  lbs.  20 
miles  a  day. 

The  quality  and  degree  of  mobility  of  the  diflPerent  kinds  of 
material,  should  be  in  keeping  with  their  destination.  Hence 
results  its  division  into  different  classes,  according  to  the  kind  of 
service  in  which  it  is  used.  1st.  Field  material.  2d.  Mo^vmiain. 
3d.  Siege  and  ga/rrison.  4th.  Sea-coast;  and  5th.  Bridge 
equipages, 

FIELD  MATERIAL. 

It  is  composed  of  six  different  carriages,  all  having  the  same 
kind  of  limber  and  the  same  sized  wheel,  so  that  any  limber  or 
any  wheel  may  be  used  with  any  carriage,  though  if  possible  the 
heaviest  wheel  (No,  2),  should  be  used  on  the  carriages  of  the 
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tbneIi»Tit«t  piecci,  12-pd.  pM  bik)  94  ntid  8S-pd.  howtlicr*. 
The  two  parts  of  there  carrugiit  »rc  (ViDnortttI  by  a  stock,  by 
mewisofa  pintln  book  nml  liiuvttv.  In  conHKincnceof  tluasin^c 
piiint  i>f  omnt'ctidn,  thtr  tuiifpiti  U  n»t  liilliitirK'Ad  by  the  mtrre- 
nwnU  uf  tbe  rvw  part  uf  Um  mrriBftv,  a  uialt«r  of  totuo  icuport- 
kOcc  in  rc^nl  tt>  fuligaing  tlte  horses. 

The  in'Ii-]>en<Icupe  of  thv  two  jiarts  rHjuirM  tho  wuiglit  of  tJi« 
totk^p  (o  bo  iup]>ortrd  hy  the  horsos,  and  it  is  conMHjuently  mode 
■  light  u  is  ronsistunt  with  iu  pmpcr  struDgth. 

lliut  c<:vn»titut«Hl,  tlitw  ruriuLffv*  «Min  niniKxnviT'  cuily  on  venr 
nogH  gnmnd,  which  ilH*y  are  often  re<in!r«<l  to  paM  ovw,  Tlio 
Ivaatage  uf  the  way  in  whirh  ihe  borstv  am  banwcacd  to 
I  earriagfii,  resnlts  from  ibe  occIIUtinn*  of  tbe  tongue,  which 
U  very  fatigniug  to  tbcm,  allhon^  thi>  impnivcuieuls  lutrodnvrd 
ill  tbo  bamn*  ba%'c  reducoil  this  defect  votT'  luucb. 

This  six  c-armgvs  are — 

I.  Hm)  carriage  for  tht'  6-pd.  pun  and  li^pd.  h«wit«r. 

4.    "        "  "       S4-pd.  hon-itxer,  and  fonnfriy  for  tie 

0-pd.  jTin  also. 

8.    "        "  "        19-pd.  fpiD  and  8S-pd.  howJlur. 

4.  OalsMin. 

i.  BatUTy-wagoo ;  tad 

e.  TVarelinp-fiir)!^ 

1,  9.  Ajn>  Jl,  TnK  OtK  Cakuaou,  Fip.  1 19.  PI.  9,  ronskt  of  two 

Mit  cbMks  of  wood.  Ixiltcd  lii>on  a  slin-k  ami  wooden  ajde-budr. 

tn  a  KctSB  (if  whii-h  tits  tlte  imn  ailv  on  which  tbo  wheels  arv 

!cd.    The  stock  tcnnlnatai  in  a  Imil  and  trail  plate,  whii-b 

a  on  tlM  gru»D<],  and  has  on  the  end  a  stnnig  ring  vallfd  the 
Imuttf^  whirb  Is  pbKod  on  tbe  jiintl*  book  when  tbs  pienr  is  Um- 
In  the  stoek  b  placed  aa  eltrating  aennr-box  uf  tironie, 
ta  which  the  elwating  icriw  flta. 

Hw  Umber  eootistiof  aabnjlvaxls-bodr,  ash%  and  two  wheels ; 
nd  on  tlieao  nsis  a  framework  to  rvcdte  tliv  t(in|pi«.  On  top 
id  tlM  wlwde  b  an  ammanitioa  box,  Ihe  tup  of  which  foirns  a  wal 
for  ibm  ranoofu.'vf*.  In  rear  uf  tlie  ailr-trvo  ia  a  jHfttU  hoiJi  to 
raeaiva  tbo  lonvtte  of  (he  tnuL  Connertcd  with  tbo  fraim-witrk 
In  fitmt  k  a  fixed  tflimter-lar  with  four  Ituttka,  to  which  aiw 
[  tttaelwd  the  tracMvf  thenar  toau  of  horwm. 
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At  tlie  extremity  yf  the  tongue  are  placed  two  polc-diiios,  by 
which  the  pole  itt  held  ap,  and  a  polo-^-oke  n-illi  two  tnovable 
branches,  to  prureiit  us  iimeh  ae  poseible  the  pole  from  oMillating 
and  BtrikiiijT  tlie  hones.  Each  of  those  branebeH  baaon  it  a  tnvAy 
ahding  riiig,  which  is  connectt:9d  hy  a  leather  Ktmp  to  the  collar  of 
the  horse,  and  allows  him  greater  freedom  of  motion.  The  pole- 
chain  is  hooked  on  to  a  ring  on  tlie  brcast-etrap.  Tlic  traces  of 
each  horae  of  the  front  tuania  are  hooked  on  to  those  of  tbe  hone 
in  hie  rear,  jiiat  behind  the  collar,  and  are  sBspended  by  hift  «dc« 
ill  RrRbbards. 

(For  dimensions,  weights,  tfec.,  see  Apjiendiic,  p.  4. 

4.  The  Caissox,  Fig.  120,  PI,  9,  is  a  eariifully  closed  carriage 
nsed  to  transport  ammunition.  All  cais^ns  arc  the  iwme  on  the 
exterior.  They  differ  in  their  interior  compartments,  which  vary 
according  to  the  natoru  of  the  ammunition  with  which  tliey  arc 
loaded. 

On  the  axle-body  of  the  rear  part,  and  in  a  direction  parallel 
to  the  stock,  are  placed  three  rails,  upon  which  are  fastened  two 
ammunition  boxes,  one  behind  the  other,  and  similar  to  the  one 
on  the  limber;  so  that  tlie  caisson  hae  three  ammunition  bose«, 
which  will  seat  nine  cannoneers.  A  wooden  stock  and  lunette 
serve,  as  in  the  gun  carriages,  to  connect  the  two  parts  togt^hor. 

In  rear  of  the  last  box  is  placed  a  sjiarc  wheel  axle  of  iron, 
with  a  cliain  and  toggle  at  tlie  end  of  it.  On  the  rear  end  of  tb« 
middle  rail  is  placed  a  carriage  hook,  similar  u>  a  pintle  book,  on 
which  the  lunetto  of  a  gun-earriage  whose  limber  has  bucome 
disabled,  may  be  placed,  and  tlio  gun  carried  off  the  field.  L'ndcr 
the  hind  axle  a  spare  pole  ring  is  placed,  through  which  an  extra 
pole  is  run,  and  sustained  in  its  position  umhT  tiie  stock  by  a  key 
plate  and  key  tlxed  beneath,  near  tlic  lunette. 

Tlie  caisson  has  tlte  same  turning  eajiaeity  and  mobititr  aa  the 
gun  carriage,  so  that  it  can  follow  the  piece  in  all  its  inauoouvrvs 
if  necessary. 

The  object  of  tlie  caisson  is  to  carry  a  supply  of  ammunition, 
the  limber  of  the  gun-earriage  carrying  the  instruments  fw  tuo 
with  the  piece^  and  such  ammunition  as  may  b«  nocusuy  for  {ti 
immediate  use.  The  caisson  has  also  slots  left  iti  ttie  iron  usemb- 
ting-bars,  between  and  in  rear  ofthc  hoxes,for  thereecptiuoof  an 
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Ue  uitl  «  pink,  and  at  the  side  and  uadt-r  tlio  boiea,  itafile*  and 
other  aimngnoents  for  eecaritig  a  loug^iiaudU'd  ibovel  and  a 
■P«ro  )wntli>]>ik«. 

(For  diinuiuiona,  wdglit,  umI  eqdptncnt,  mw  AppendU,  pp. 
4t  and  15.) 

fi.  Thu  aATTEBT  WAooji,  Fig.  tfil,  PI.  S,  cotuictB,  bende*  tlie  lim- 
bar,  of  a  loDfT-bodiod  cart  with  a  round  top,  which  i«  connct'tcd 
with  thu  linilier  !□  thu  satnG  wa;  aa  all  other  fidd-narrUgca.  The 
lid  opens  on  Uingr*  jdiux'^I  at  tlw  aidv ;  and  in  rear  is  fixed  a  mov- 
able forage-rack,  fi>r  rarrTlng  long  forage. 

Ont*  i)f  thi;w  tiallerjr  wagona  aonimpaaics  varh  fieM-batti^ry, 
for  the  purpose  of  tranaporting  carriage-nakcn'  and  taddlora' 
loola,  sjtaro  parU  iif  carriagca,  bamMa,  and  equijintinl^,  and  rough 
malcrtol*  fur  rvpliM-ing  differmt  parts. 

Boll)  this  and  lliu  forgo  an  made  of  eqnal  roobilitr  with  the 
olli«r  field-f&rriagi*a,  in  order  Ut  aocampan;  ihcoi  whervTt-r  \iiey 
ma;  be  rc<]nirf>d  to  gn. 

Tito  povur  is  ninAe  of  light  pine,  t(»igaed  and  gmot-t'd,  and 
eorercd,  after  l>dng  painted,  witlt  canvas. 

For  dimcn*i(iM  and  coDlcnta,  see  Appendix,  p.  Id  In  SS. 

0.  Tkk  nnax,  Fij:.  \n,  PI.  9,  eooilaU,  bealdea  the  limber,  of  a 
frame-work  i>f  thn-c  rails  and  rroaa-tics,  on  which  is  fixed  llw  bel- 
Iowa,  firc-plari>,  &c.  Tlie  »ttick,  held  up  liy  a  pnip,  wrvrs  as  a 
■apiKirt  for  a  viec  IlehiDd  the  belluws  is  [ilarMl  a  roal-Itox, 
whii'li  has  to  )»c  reiii'iVMl  btifiiR;  the  lielUiirs  ean  \tc  put  in  {NMition. 

In  the  ninl<er'hox  are  placed  the  tuolj  f»r  Ofc  with  the  forge, 
bofir-«hiMrs,  nails,  and  spare  parts  (iron)  of  rarriBf:ve,  hamcsa,  Ac. 

f>ne  of  these  forges  Bcc(>in|>aniea  <.-«4^'h  firld-batterr,  and  othcra 
•re  provided,  e^tiippe«l  fur  genrrwl  ser^ii-e  witli  the  anri^. 

Tile  forge  shnuM  he  as  light  and  niovHUc  a*  jtosajlile,  in  order 
to  be  able  Ia  rt'patr  promptly  tu  the  aasisfattco  of  anjr  caniagM 
whieh  maj'  bceome  disabled. 

For  dimensinna,  weight,  and  eqalprocat,  aee  Appendix,  p.  8 
toSfi. 

HonrvAlx  AKmxxHT. — ^Tlie  material  for  mountain  artillerr 
I  asrviee  consists  itf,  a  gimearriage  fur  the  19-pd.  mountain  bowil- 
avr,  without  a  limber;  aaimanition-bvxea  for  the  snpplica  and 
Morea,  awl  a  portable  fiitKa^  vki^  b  carried  in  boxea. 
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TiiE  Carriage,  Fig.  123,  PI.  9,  is  formed  like  the  field  gun- 
carriage,  but  much  smaller,  the  cheeks  not  being  formed  of  pieces 
distinct  from  the  stock,  but  all  three  made  of  two  pieces  bolted 
together.  The  axle-tree  is  of  wood,  which  lessens  the  recoil^  and 
gives  an  elasticity  to  the  whole  carriage  better  adapted  to  resist 
the  shocks  of  firing.  Tlie  wheels  are  but  38  inches  high.  Ordin- 
arily, over  rough  ground,  the  carriage  is  transported  on  the  backs 
of  mules ;  but  where  it  is  possible  to  do  so,  a  pair  of  shafts  is 
attached  to  the  trail  in  such  a  way  as  to  keep  it  from  the  ground, 
and  the  piece  is  drawn  on  its  carriage  by  harnessing  one  of  the 
pack-mules  to  it. 

The  ammunition  for  the  howitzer  and  the  cartridges  for  small 
arms  are  carried  in  the  ammunition-boxes  on  the  backs  of  moles, 
two  boxes  to  each  mule. 

The  same  kind  of  pack-saddle  is  used  for  carrying  the  piece, 
carriage,  ammimition,  and  forge.  The  transom  on  each  side  of 
the  saddle  has  a  circular  notch  cut  in  it,  to  receive  the  trunnions  of 
the  piece,  which  is  carried  with  the  muzzle  to  the  rear. 

For  the  transportation  of  a  single  piece,  its  carriage,  and 
ammunition,  three  mules  are  required. 

On  the  Ist  is  placed  the  piece,  and  shafts  of  the  carriage,  weigh- 
ing 251  lbs. 
"      2d  "  carriage    and    implements,  weighing 

295  lbs. 
"      3d  "      two  ammunition-chests,  weighing  about 

238  lbs. 

To  attach  the  shafts  to  the  trail,  the  supporting  bar  is  laid  on 
the  trail-plate,  near  the  handspike-staple,  the  projecting  knee  in 
rear  of  the  lunette  resting  on  the  cross-bar  plate ;  these  two  pieces 
having  holes  through  them,  by  means  of  wliich,  with  a  pin,  they 
are  keyed  together.  For  dimensions,  weights,  &c.,  see  Appendix, 
p.  26. 

The  Portable  Forge  is  designed  for  serv'ice  in  a  mountain- 
ous coimtry,  where  wheeled  vehicles  cannot  travel,  for  the  pur- 
pose of  making  repairs  not  only  for  the  artillery,  but  for  all  other 
arms  of  service  taken  on  such  expeditions. 

Its  construction  is  as  follows : 

The  hearth  is  of  sheet  iron,  bent  into  a  hollow  form,  and  riv- 
eted to  an  iron  frame.    The  hack  of  the  hearth  is  bent  under  the 
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wttAm  and  riveted  to  it.  The  lorder  of  tLe  hearth  ia  bent  round 
Stcbaek,  and  is  riveted  to  it  and  to  tlie  frame,  Tlie  hark  of  the 
Ire-place  is  of  sheet  iron,  connected  with  the  back  of  the  hearth 
Ibj  tiBO  hiritjev,  which  are  riveted  to  each.  The  ((fges  of  botli  the 
It  pieces  are  stiffened  by  strips  of  sheet  iron  riveted  to  them. 
aif  hack  is  formed  by  a  piece  of  sheet  iron,  bent  )iot  into  a 
K  riiapc,  and  riveted  to  the  inside  of  the  plate  of  the  fire- 
A  button,  turning  on  an  axis  which  is  riveted  to  the  ont- 
idc  of  the  back  plate,  serves  to  fasten  this  plate  to  a  stnd  in  the 
nont  border  of  the  hearth,  when  the  back  is  turned  down  on  its 
ingea. 

The  frame  is  supported  by  thrre  Ugs,  which  are  connected  with 
ft  by  bolts,  so  thattliey  can  be  f-jlded  up  close  to  the  frnmc.  The 
ront  leg  is  divided  into  two  branches,  which  are  bolted  to  tioo 
1  which  are  riveted  to  the  sides  of  tlie  frame.  The  two 
ler  legs  are  connected  together  by  a  cross-bar,  with  a  nut  at 
><«ftch  end.  This  bar  supports  also  the  fork  in  which  tlie  bellows 
handle  works.  The  legs  of  the  frame  have  ronnd  tenons  at  the 
lower  ends,  with  shoulders  which  rest  on  three  socket  p)ate« 
B^tached  to  tlie  side  of  the  forge-chest,  for  tlie  forge  to  stand  on 
irhcn  set  up  for  use. 

The  hdimijs  handle  ia  of  iron,  with  a  wooden  head-    It  ia 

taohed  to  a  fork  which  fits  in  a  square  hole  in  the  crosa-bar 

[oining  tlie  rear  lega  of  the  frame.     The  lower  end  of  the  handle 

f  hooked  into  a  t-onnecting  rod  attached  to  the  rear  end  of  the 

wHoWB ;  it  is  fastened  to  this  rod  by  a  sliding  catfh  which  is  se- 

mred  by  a  tliimib  screw.     When  tlie  bellows  is  dismounted,  this 

1  \i  hooked  into  an  eye  on  the  upper  side  of  the  bellows,  to 

)ep  it  closed. 

Thk  Bkllows. — ^Tlie  frame  consists  of  an  vpper,  a  lower,  and  a 

W/«  platik  (walnut),  and  two  rils  (poplar),  connected  by  R 

»-hmd,  as  in  a  common  smith's  bellowg.     There  are  valves  ia 

Bie  middle  and  the  lower  plank. 

A  bar  of  iron,  attached  to  the  middle  plank,  terminates  in  two 
tials,  which  support  the  bellows,  fitting  in  the  joints  of  the 
jar  legs  of  the  fi-amo  of  the  forge. 

The  nossle,  of  sheet  iron,  ia  inserted  into  the  cross-head,  above 
i<  middle  plank.  It  enters  into  a  cast-iron  pipe  which  is  at- 
tchcd  to  the  rear  of  the  forge  back  by  means  of  a  hridU  bolted 
k  tlie  back  plate  of  tliu  hearth. 
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A  handle  is  attached  to  d^pla/te  which  is  fastened  on  the  upper 
bellows-plank.  A  leaden  weight  of  one  pound  is  attached  to  the 
inside  of  the  lower  plank,  by  the  rivets  which  hold  the  eye-plate 
on  the  connecting  rod. 

The  hellowa  leather  (calfskin)  is  fastened  to  the  planks  by  small 
bellows-nails. 

A  small  anvil  accompanies  the  forge,  and  is  fitted  into  a  block 
of  wood,  and  fastened  with  an  iron  pin. 

The  forge  is  made  to  pack  into  two  boxes  similar  to  the  am- 
munition boxes,  and  is  like  them  carried  on  the  back  of  a  mule. 
Weight,  232  lbs.,  which  includes  the  weight  of  the  blacksmith's 
tools  and  materials  necessary  for  the  use  of  the  forge. 

The  carriage  maker's  tools,  and  coal  for  the  forge,  are  carried 
in  two  similar  boxes  on  another  mule.    Weight,  115  lbs. 

As  all  this  material  is  made  to  be  packdd  on  the  backs  of 
mules,  it  can  be  carried  over  the  roughest  country. 

The  recoil  of  the  carriage  being  considerable,  it  is  limited  as 
heretofore  described  (especially  when  the  ground  on  which  the 
piece  is  used  is  very  narrow),  by  attaching  a  rope  to  the  top 
parts  of  the  wheels  so  as  to  press  against  the  trail  when  the  car- 
riage recoils. 

The  Prairie  Carriage. — ^The  necessity  for  a  small  carriage  for 
the  mountain  howitzer  when  used  on  our  western  prairies,  has 
led  to  the  adoption  of  a  special  carriage  for  that  service,  with  a 
limber  attached  as  in  a  field  carriage.  This  gives  a  carriage  less 
liable  to  overturn,  and  preferable  in  many  ways  for  that  service 
to  the  two-wheeled  one.  The  limber  is  furnished  with  two  am- 
munition boxes,  placed  over  the  axle-tree  and  parallel  to  it,  and 
just  wide  enough  for  one  row  of  shells  and  their  cartridges. 

The  caisson  for  this  new  carriage  is  a  two-wheeled  cart  with 
shafts,  on  which  are  fixed  four  boxes  for  ammunition,  similar  to 
those  on  the  limber,  but  placed  perpendicular  to  the  axle-tree^  and 
a  fifth  box  for  equipments,  &c.,  in  front  of  the  otlier  boxes,  per- 
pendicular to  them  and  resting  against  their  ends. 

Siege  Material. — ^The  material  for  service  in  sieges  consists  of 

1st.  Gun  carriages. 

2d.  Platforms  for  these  carriages. 

3d.  Mortar-wagons. 

4th.  Mortar-beds. 

5th.  Platforms  for  these  beds, — 
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Ami  Borae  other  implcmenta  or  inacIiineB  which  are  used  also 
ill  tlie  field  and  in  garrison,  such  aa,  tlie  Gins,  the  (Siege  and  Field, 
e  Qarrieon  and  the  Casemate),  Sling  Cart,   Hand  Cart,  Lifting 
IcJc,  Lever  Jack,  Track,  Manceuvring  Blocks,  &c. 
■  let.  Tlio  gun-ogirriages,  Fig.  124,  Plato  10,  are  three  in  num- 
r,  as  follows : 
One  for  the  13  pound  gun, 
"      "     "    18      "         " 
"      "     "    24      "         "    and  8  in.  howitzer. 
They  are  all  constructed  iii  the  earae  manner,  differing  only 
their  dimensions.     All  the  limbers  and  wheels  are  the  same, 
1  that  they  can  he  used  in  common. 

The  gun-carriage  is  similar  in  its  construction  to  the  field 
miage,  but  is  joined  to  the  limber  in  a  different  way.  Project- 
g  upwards  from  the  limber  and  in  rear  of  the  axletree,  is  placed 
pintle,  which  enters  a  hole  made  in  the  trail  from  the  under 
de,  and  a  la^hing-chain  and  hook  keep  tlie  two  parts  together 
hen  once  in  j»osition.  The  weight  of  the  trail  resting  on  the 
Mr  end  of  the  tongue  keeps  this  nearly  horizontal,  and  relieves 
10  horses  of  the  weight  of  it,  which,  as  it  must  be  both  long  and 
(Bvy,  IB  too  much  for  the  horses  to  carry. 

<  The  splinter  bar  is,  as  in  field  carriages,  stationary,  but  the 
warn  of  the  next  team  are  attached  to  a  movable  bar  which  is 
mnocted  with  the  end  of  the  tongue.  The  tongue  is  fumislied 
ith  pole^hains  but  no  yoke,  and  the  rest  of  the  teams  are  har- 
)fi»ed  as  in  field  artillery. 

It  is  not  necessary  for  siege  carriages  to  have  the  same  degree 
r  mobility  and  flexibility  that  field  carriages  have,  as  tlicy  are 
roperly  speaking  transportation  wagons  for  use  on  roads,  and 
met  intended  for  manceuvring  with  troops. 

The  axle-trees  are  of  iron  with  axle-bodies  of  wood ;  which 
aet,  by  its  elasticity,  renders  the  porcuaelon  of  the  piece  leee  direct 
and  violent. 

On  the  upper  surface  of  the  cheeks,  near  the  back  ends,  are 
placed  two  projecting  bolts  which,  with  the  curve  of  tlie  cheeks, 
form  renting  places  for  the  trunnions,  when  the  piece  is  in  poai- 
tii^n  for  transportation.  They  arc  called  the  traveling  trunnion- 
When  in  this  position,  tlio  breech  of  the  piece  rests  upon 
9  bobter,  a  curved  block  of  wood  bolted  to  tiie  upper  side  of 
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tlie  stock.  On  each  side  of  the  trail,  and  perpendicular  to  it,  a 
strong  manoeuvring  bolt  is  placed  to  serve  as  places  to  apply  the 
handspikes  in  manoeuvring  the  carriages,  or  as  handles  in  lim- 
bering, unlimbering,  &c. 

The  traveling  trunnion-beds  are  used  for  the  purpose  of  dis- 
tributing the  load  more  equally  over  the  carriage.  Before  the 
piece  is  put  in  the  traveling  position,  the  elevating  screw  is  taken 
out  and  inserted  from  beneath  in  the  screw-box,  and  the  piece  is 
run  forward  to  its  position  on  rollers,  the  carriage  being  limbered. 

The  limber  consists  of — 
1  the  fork,  2  the  splinter  bar,  3  the  hounds,  4  the  sweep  bar, 
5  the  tongue,  6  the  pintle,  7  the  lashing-chain  eye,  8  the  axle 
tree  (iron). 

The  sweep  bar  is  of  iron,  and  on  it  rests  the  trail  which  by  its 
weight  keeps  up  the  tongue.  (For  dimensions,  see  Appendix,  p. 
5.) 

The  transportation  of  a  24-pdr.  gun  requires  ten  horses  and 
five  drivers;  an  18-pdr.  eight  horses  and  four  drivers;  a  battery 
wagon  six  horses  and  three  drivers ;  and  spare  carriages — at  the 
rate  of  one  for  every  five  pieces — require,  each,  six  horses  and 
three  drivers. 

When  the  8-inch  howitzer  is  mounted  on  the  24-pounder  car- 
riage, a  quoin  is  used,  instead  of  the  elevating  screw ;  the  how- 
itzer being  too  short  to  rest  on  the  screw. 

2d.  Platforms.  Fig.  125,  Plate  10.  As  the  siege  pieces,  to 
be  of  eflScient  service,  must  have  their  carriages  on  a  solid  foun- 
dation with  the  wheels  on  a  level,  a  platform  is  provided  for  each. 
They  are  constructed  at  the  arsenals,  and  should  be  as  light  as 
possible,  compatible  with  sufficient  strength  to  resist  the  shocks 
of  the  piece.  All  the  pieces  composing  them  are  of  the  same 
dimensions,  each  weighing  50  lbs.  They  are  made  of  yellow  pine 
or  oak,  are  49  in  number,  9  ft.  long,  5  in.  wide,  and  3^  in.  thick. 
One  of  these  pieces  is  used  as  a  hurter  on  the  front  part  of  the 
platform,  to  prevent  the  carriage  running  too  far  forward.  The 
recoil  is  diminished  and  the  water  made  to  run  off  by  giving  the 
platform  an  inclination  to  the  front.  (For  dimensions,  see  Appen- 
dix, p.  11.) 

Laying. — ^To  lay  this  platform,  establish  the  center  line  of  the 
embrasure,  and  stretch  a  cord  on  this  lino  from  the  middle  of  the 
emhraBuie  to  the  rear.    This  is  the  directrix  of  the  platform. 


LATINO    SIEOE    PLATFORMa 


195 


I  Lky  the  tn-o  outside  sleepers  parallel  to  tliis  directrix,  tlicir 
^Bsidu  edges  being  54  inches  distant  from  it.  The  four  other 
heperB  arc  laid  parallel  to  tliese,  the  edge  of  eacli  15-^  inches 
fetni  the  edge  of  the  next.  The  upper  surface  of  the  front  ends 
K'tlieee  sleepers  to  be  50  inches,  ou  a  vertical  line,  below  the  Bole 
B'the  embra&nrc. 

K  Tbejr  are  laid  with  an  elerntion  to  the  rear  of  1^  inches  to  the 
^prd,  or  ^  iiiehea  to  their  whole  length.  Tliie  elevation  may  be 
fcterroined  l>y  placing  a  block  +J  ineliea  bigli  on  the  front  end  of 
Kc  sleeper,  and  laying  a  straight  edge,  with  a  gunner's  level  on 
K,  troxa  tliis  blook  to  the  rear  end,  then  so  arrange  the  earth  as  to 
Ming  the  level  true  in  this  position. 

■    The  next  set  of  sleepers  are  laid  against  and  inside  of  the  first, 

»iu lapping  them  three  feet,  having  the  rear  ends  inclined  out- 

BKrds.  so  that  the  obtcr  edges  of  the  exterior  ones  shall  each  be 

B&  inrheB  from  tlie  directrix,  and  the  spaces  between  the  rear 

■^g«a  of  tlie  otliers,  tlie  same  as  in  the  first  set,  viz.,  15^  inches 

MDtn  the  edge  of  one  to  the  edge  of  the  next,  all  having  the  elcva- 

lOQ  to  the  rear  of  IJ  inches  to  the  yard,  and  perfectly  leTel 

L    The  earth  is  then  rammed  firmly  around  these  sleepers, 

nd  made  even  with  their  upper  sarfaee.      The  first  deck-plank, 

lith  a  hole  through  each  end  for  the  eye-bolts,  is  laid  in  ]ilace, 

Brpeodicular  to  the  directrix,  its  holes  corresponding  with  those 

I  die  sleepers.     Tlie  hiirter  is  placed  on  it,  and  the  bolts  driven 

irougli  the  corresponding  holes  in  those  pieces. 

The  hurtiT  should  be  so  placed  as  to  prevent  the  wheels  from 
rilcing  against  tlio  ejiaulment  when  the  piece  is  in  battery.  If 
le  Ulterior  slope  has  a  base  of  2-7the  of  its  height,  the  iimer  edge 
'the  biirter  should  bo  2i  inches  from  the  foot  of  the  slope.  Tlio 
ther  planks  are  then  laid,  each  one  forced  against  tlie  i)rceeding, 
lelast  plank  having  holus  for  the  rear  eye-bolts.  By  drawing 
nt  or  driving  in  the  outside  sleepers,  the  holes  through  their 
nir  ends  aru  made  to  correspond  with  those  in  the  last  deck- 
liuik,  and  the  bolui  arc  put  in. 

Drive  stakes  in  rear  of  each  sleeper,  leaving  their  tops  level 
1th  the  upper  surface  of  the  platform.  Raise,  ram,  and  level 
le  earth  in  rear  of  tlie  platform,  so  as  to  have  a  plain  hard  sur- 
'pee  to  BUj>port  the  trail  when  the  recoil  is  great. 

The  wirth  should  be  raised  nearly  as  high  a«  the  platform  at 


196  ARTILLERY    MATERIAL. 

the  sides,  and  well  rammed,  giving  it  a  slight  inclination  outwards 
to  allow  the  water  to  run  off. 

Another  kind  of  platform,  called  the  ricochet  platform,  is 
sometimes  used  with  these  carriages  when  the  pieces  are  used  for 
ricochet  firing.    The  parts  then  made  use  of  are — 

1  Hurter,  8  feet  long,  8  inches  wide,  and  8  inches  thick. 
3  Sleepers,  9     "  5*         "  5*         " 

2  Planks,  10  ft.  8  in.  long,  13  in.  wide,  2i  " 
1  Plank,  7  ft.  long,  13  in.  wide,  2i  " 
1      "      2i    "         13      "                        2i         « 

and  some  stakes,  and  the  platform  is  constructed  in  the  following 
manner : — 

Place  the  hurter  perpendicular  to  the  line  of  fire,  and  secure 
it  by  four  stakes,  one  at  each  en<f  and  two  in  front,  31 J  inches 
from  the  middle  towards  each  end ;  lay  the  three  sleepers  paral- 
lel to  the  hurter ;  the  first,  16  inches  from  the  rear  edge  of  the 
hurter ;  the  second,  43J  inches  from  the  rear  edge  of  the  first ; 
and  the  third,  43i  inches  from  the  rear  edge  of  the  second.  Lay 
the  plank  31 J  inches  from  the  directrix  of  the  platform  to  the 
center  of  the  plank.  Place  the  piece  of  plank  60  inches  from  the 
rear  edge  of  the  last  sleeper,  and  bed  it  in  the  ground.  Place  on 
the  last  sleeper  and  this  piece  of  plank  the  plank  (84  inches  long), 
its  front  end  106  inches  from  the  rear  edge  of  the  hurter. 

Tliis  platform  will  bear  firing  with  charges  as  high  as  three 
pounds. 

Platforms  of  this  kind,  of  larger  dimensions,  may  be  used  for 
guns  and  howitzers  in  firing  at  a  fixed  object  with  full  charges. 

3d.  MoRTAB- Wagons, — Fig.  126,  PI.  10.  This  wagon  is  de- 
signed for  the  transportation  of  siege-mortars  and  their  beds,  or  of 
guns,  or  large  shot  and  shells. 

The  limber  and  the  wheels  are  the  same  as  those  of  the  gun- 
carriage. 

The  body  consists  of  a  platform  of  rails  and  transoms  resting 
on  an  axle-tree,  the  two  middle  rails  being  prolonged  to  form  the 
stock,  six  stakes  or  standards  are  inserted  in  sockets  on  the  sides 
of  this  platform,  and  used  in  securing  the  load. 

The  side-rails  are  prolonged  to  the  rear,  and  furnish  pivots  for 
a  roller  placed  immediately  in  rear  of  the  platform.  This  roller 
has  holes  for  the  insertion  of  handspikes,  and  is  used  in  loading 
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vagoa ;    the  guns,  mortnre,  &c.,  being  drnwii    up  on  the 

A  innzzle  bolster  on  tlie  stock  near  the  limber,  and  a  breech 

:cr  near  tlie  hind  part  of  the  wagon,  are  provided  and  used 

hen  long  ordnance  is  transported  on  it.     Mortars  are  usually 

Tied  mounted  on  their  carriages. 

(For  dimenaiona  and  weights,  see  Appendix,  p.  6.) 

4th.  MoBTAH-BEDs,  Fig.  12S,  PI.  10. — The  carriage  from  which 

t  mortar  is  tired,  is  called  its  bed.     It  has  already  been  gtated  that 

B  size  of  the  angle  of  fire,  and  the  violent  reaction  in  a  vertical 

Urection  which  the  mortar-bod  expcrieucea,  prohibit  ita  being 

bonnted  upon  wheels.     In  conseqnence  of  this,  also,  the  cheeks 

nnot  be  made  of  wood  or  bronze,  the  elasticity  of  which,  being 

fiagtit  into  play  by  the  recoil,  wonid  cause  the  bed  to  bounce 

I  the  platform  and  throw  the  mortar  from  its  place.     Ancient 

riages,  of  wood  or  bronze,  were  provided  with  cap-squares,  to 

fTcnt  this. 

There  are  fonr  siege  mortar-beds : 

Tlie  8  in.  mortar-bed, 

The  10  in.  " 
[  The  stone  " 

'  TheOoehom     " 

Ho  first  three  are  alike,  differing  only  in  dimeuBione,  and  ' 
de  *>f  cast  iron,  which  has  very  little  elasticity.     Tlie  bed  con- 
luts  of  two  cheeks,  joined  by  two  transoms,  all  cast  together  in 

uune  piece.    The  manoeuvring  bolls,  placed  on  each  side,  one 

r  each  end  of  the  cheeks,  are  made  of  wrought  iron,  and  set  in 
the  mould  when  the  bed  is  cast. 

On  the  front  transom  is  fastened  a  wooden  lolsier,  grooved  to 

reive  the  elevating  quoin,  which  it  is  prescribed  should  bo  put 
position  in  a  direction  perpendicular  to  tlie  axis  of  the  piece, 
"bat  i«  usually  for  convenience  placed  obliquely. 

Notcliea  on  the  under  side  of  the  front  and  rear  of  the  cheeks, 
give  bold  to  tho  handspikes  in  throwing  the  piece  to  the  right  or   . 
ieft. 

Cap-squares  are  used  with  these  beds,  bat  probably  only  for 
tlte  purpose  of  preventing  the  piece  from  jumping  from  its  plat 
\rhcn  tired  at  very  small  angles  of  elevation,  as,  for  instance,  ia  | 
licocbut  firing. 
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The  Coehobn  Mortar-Bed  is  made  of  a  block  of  oak  wood,  in 
one  piece,  or  two  pieces  joined  together  with  bolts.  A  recess,  for 
the  trunnions  and  part  of  the  breech,  is  made  in  the  top  of  the 
bed ;  and  the  trunnions  are  kept  in  their  places  by  plates  of  iron 
bolted  down  over  them.  Two  iron  handles  are  bolted  to  the  bed 
on  each  side,  by  which  four  men  can  carry  the  bed  with  the  mor- 
tar in  its  place. 

The  Eprouvette-Bed  consists  of  a  block  of  wood,  on  top  of 
which  is  countersunk  and  bolted  the  bed-plate,  which  is  a  heavy 
circular  plate  of  cast  iron,  having  a  rectangular  recess,  with 
sloping  sides,  so  as  to  make  it  longest  at  the  bottom.  Into  this 
recess  the  sole  of  the  mortar  slides.  The  wooden  block  is  bolted 
to  a  stone  block  of  the  same  size,  which  is  firmly  placed  in  the 
ground  on  a  masonry  foundation.     • 

For  dimensions  and  weights  of  the  beds,  see  Appendix,  p.  6. 

Mortab-Platex>rms  are  made  each  of  twenty-four  pieces,  sim- 
ilar to  those  used  for  siege-guns.  Six  of  these  are  laid  as  sleepers 
perfectly  horizontal,  and  parallel  to  the  direction  in  which  the 
piece  is  to  be  fired.  The  other  eighteen  are  laid  on  top  of  these 
and  perpendicular  to  them,  the  front  and  rear  ones  being  bolted 
to  each  one  of  the  sleepers.  Between  each  pair  of  the  latter 
(deck-planks),  four  doweU  are  placed,  to  prevent  the  plank  from 
sliding  out.  These  dowels  are  short,  hard  pieces  of  wood,  which 
are  fastened  in  the  edge  of  each  plank,  and  fit  into  corresponding 
holes  made  in  the  one  next  to  it. 

For  dimensions,  &c.,  see  Appendix,  p.  11. 

The  Kail-Platform,  Fig.  127, 
is  another  kind  sometimes  used 
with  mortars.  It  is  simple,  strong,  cb 
and  well-suited  to  positions  where 
timber  can  be  easily  procured.  It 
is  composed  of  three  sleepers  and 
two  rails,  with  stakes  for  keeping 
it  in  position.  The  rails  are  placed 
at  such  a  distance  apart  that  the 
cheeks  of  the  bed  can  set  on  them. 
They  and  the  sleepers  are  notched 
to  fit,  and  driven  together  in  the 
battery.    The  sleepers  are  imbed-  ^  Fig.m. 
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'loii  in  the  ground,  and  tlio  earth  well  rammed  around  tliem,  caru 
being  taken  to  place  tlie  rails  lioriitotitally.  Stakes  are  driven  iu 
rtar  of  each  of  the  aleepers  ill  the  angles  made  with  the  rails,  and 
at  the  rear  ends  of  the  rails.   (For  dimensions,  i&c.,  see  Appcudis, 

p.  11.) 

Tub  ITand-Cabt. — A  two-wheeled  cart,  being  able  to  turn  on 
its  own  fjround,  ia  more  suitable  than  any  four-whoelcd  vehicle 
for  service  in  the  trenches  and  parallels  of  a  aiege.     The  hand- 

»t  consistii  of  a  light  bo<lj  with  shafts,  mounted  on  two  wheels, 
liich  in  the  French  service  are  the  same  aa  those  used  on  their 
eld  carriages.  The  shafts  are  joined  together  at  the  ends,  and 
Bupportod  juet  in  front  of  the  body  by  iron  legs.  Tlie  cart  is 
used  for  the  transportation  of  light  stores  in  eiege  and  garrison 
service. 

Ths  Hamd  Slinq-Caht,  Fig.  129,  PI.  10,  is  used  in  siege  and 

garrison  serrice,  or,  in  fact,  under  any  circumstances  where  light 

pieces  or  their  carriages,  or  objects  al>out  that  weight,  have  to  be 

■ ;  ■■msported  for  short  distances.      It  is   made  entirely  of  iron, 

■  \L'fpt  tho  pole,  which  ia  of  oak.   Tlie  axle-tree  is  arched,  to  make 

^it  stronger,  and  connected  with  tlie  pole  by  strong  wrought-lron 

H|g^pa  and  braces.     In  the  rear  of  the  axle  a  projection  ia  welded 

^Hp  receive  the  end  of  a  strong  hook,  the  two  being    fastened 

^^bgether  hy  a  bolt.     The  end  of  the  pole  is  terminated  with  aa 

iron  «>trap  (through  wliich  is  passed  the  handle),  and  an  eye.     The 

ejre  is  for  the  purpose  of  attaching  to  the  cart,  when  necessary,  a 

mber  or  a  Iiorse,  the  handle,  iii  the  last  case,  being  held  up  hy 

md. 

This  cart  ehonld  not  be  used  with  heavier  weights  than  about 

3  lbs, ;  but  in  case  of  necessity  a  24  or  32-pd-  gun  may  be 

intiported  on  it.     For  heavier  guns  or  material  the  lartfe  iiliitg- 

Indrawn  by  horses  or  oxen,  should  be  used.     TIio  French  have 

milar  cart  for  carrj'ing  shot  and  shell. 

(For  dimensions,  Ac,  sec  Appendix,  p.  11.) 

Thk  Field  and  Sieue  Gis,  Fig.  130,  PI.  10,  is  used  for  niount- 
haiidling  gims,  or  other  heavy  bodies  in  the  field,  or  in  the 
inches  of  a  siege.  It  consists,  like  all  gins,  of  two  legs  and  a 
l]r-)!ole  of  spruce  or  ash  as  supporters,  a  windlass  of  oak,  sheaves, 
lleys,  and  a  fall  or  rope.  The  two  legs  arc  mortised  for  the 
jeption  of  Uirec  braces,  on  the  ends  of  which  tenuns  are  cut. 
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These  pass  through  the  mortises,  and  are  keyed  with  pins  out- 
side. 

The  top  end  of  the  pry-pole  has  on  it  an  iron  tongue,  which 
fits  in  between  the  top  of  the  legs,  and  all  three  are  joined  by  a 
pin ;  just  below  which,  and  held  between  the  legs  by  a  bolt,  two 
sheaves  are  placed  to  receive  the  fall,  which  is  a  strong  four-inch 
rope.    The  legs  are  fastened  together  at  top  by  a  bolt. 

Two  and  a  half  feet  from  the  bottom  of  the  pry-pole  a  round 
handle  is  run  through  it  and  fastened,  and  is  used  in  handling  or 
putting  up  the  gin.  The  feet  of  the  legs  and  pry-pole  are  pro- 
vided with  metal  points,  to  prevent  slipping  when  a  weight  is  put 
upon  the  fall. 

The  windlass  is  provided  with  journals  at  the  ends  which  turn 
in  journal  boxes,  the  plates  of  which  are  fixed  to  the  legs  by  bolts. 
No  ratchet  wheel  or  pall  is  used,  and  the  windlass  is  made  fast  by 
allowing  a  handspike,  inserted  in  its  place,  to  bear  against  the 
lower  brace,  or  another  handspike  placed  across  the  legs  for  the 
purpose.  The  ends  of  the  windlass  are  left  square,  but  the  mid- 
dle part  is  made  round  for  the  reception  of  the  fall,  which,  in 
raising  a  weight,  is  coiled  round  it.  The  legs  are  about  14^  feet 
long,  and  the  height  of  the  gin,  standing  up,  about  12  feet. 

To  put  the  gin  together,  the  legs  are  laid  on  the  ground,  the 
outer  sides  up,  the  beveled  ends  together,  and  the  windlass  put 
in  its  place.  The  assembling  bolt  is  put  in,  and  the  1st,  2d,  and 
3d  cross-bars  inserted  in  succession  and  keyed. 

To  set  up  the  gin,  the  bottoms  of  the  legs  are  held  in  position 
by  two  men  placing  their  feet  against  them,  or  holding  handspikes 
against  the  lower  cross-bar.  The  tongue  of  the  pry-pole  is 
inserted  in  its  place  and  keyed.  The  gin  is  then  raised  by  carry- 
ing up  the  foot  of  the  pry-pole  to  its  proper  position,  which  is 
equally  distant  from  the  two  legs,  and  12  feet  from  the  lower  cross- 
bar. The  fall  may  be  attached  by  a  man  mounting  on  the  third 
cross-bar ;  or,  if  he  is  too  much  exposed  in  that  position,  it  may 
be  done  while  the  gin  is  lying  down. 

(For  dimensions  and  weights,  see  Appendix,  p.  11.) 

The  gin  may  be  equipped  with  one  or  several  pulleys,  accord- 
ing to  the  weight  to  be  raised, — a  greater  number  being  employed 
than  is  absolutely  necessary,  in  order  not  to  strain  the  f ope.  With 
one  pulley  a  12-pd.  siege  and  garrison  gun  can  be  raised ;  with 


BARBETTE    GrS-CARRIAGES. 


201 


*,  an  IS-pd. ;  with  tliree,  a  24-pd.,  and  with  five  or  six,  a  32  or 

To  SuNO  A  Piece, — A  small  piece  without  handles  may  be 
tDg  by  a  piece  of  rope,  the  ends  of  which  are  tied  together  after 
King  it  under  the  piece  in  rear  of  trunnionB,  then  up  over  the 
LDTiioD,  nnder  the  piece  again  in  front  and  over  the  other  tmn- 
loQ,  hooking  both  sides  over  the  pulley -hook.  Larger  pieces  are 
^Snng  by  making  use  of  an  endless  rope  or  chain,  when  double 
Bomowhat  greater  in  length  than  the  piece.  One  end  of  this  is 
looped  round  the  neck  of  the  caecable,  and  the  other  roimd  a 
Iinndspilie  or  billet  of  wood  inserted  in  tlie  muzzle.  Both  strands 
are  booked  in  the  pullej-hook  just  in  rear  of  Uie  tmnniona,  bind- 
ing the  two  together,  if  necessary,  with  a  cord  or  piece  of  email 

^H  When  the  gin  is  put  together  and  raised,  that  part  included 
JjBwtWecn  tlie  legs  and  pry -pole  is  called  the  inside ;  the  ontside 
Icing  the  part  without  the  legs ;  the  right  corresponding  to  the 
right  hand  of  a  man  gtanding  at  the  middle  and  outside  of  the 
windlass,  facing  towards  it ;  the  left  corresponding  to  his  left  hand. 
Bariiettk  Cakriaokb,  Fig.  131,  PI.  10.— The  barbette  carriage 
doDgs  to  that  class  which  liaa  been  denominated  iuinioTablo. 
lat  is  to  Bay,  it  is  used  simply  to  fire  the  piece  from,  and  not  to 
insport  it  except  for  very  eliort  distanecR. 
The  gun  carriages  described  under  the  head  of  siege  material, 
Uty  also  be  used  tn  a  fortification  or  garrison  ;  and  the  mortar- 
1>edB  heretofore  dcBcribcd,  are  used  either  for  siege  or  garrisou  ser- 
vice. The  barbette  carriage,  however,  is  used  only  in  a  fixed 
position  in  garrison,  and  is  a  carriage  on  which  a  gun  is  mounted 
"  ■  D  fire  aver  a  parapet  instead  of  through  it,  as  siege  or  sea-coast 
e  usually  fire.  A  harlette-ifun  is  any  gun  mounted  on  a  bar- 
e  carriage, 

Thtro  are  but  two  forms  of  tlio  barbette  carriage  in  the  United 
Ittvfi'  senricc. 

1,  One  for  the  iron  fjuns  and  sea-eoHBt  howitzers  (12,  IS,  24, 
89,  43  pdr.  end  S  and  10  in.) ;  and 

2.  One  for  tho  oolumbiada. 

1.  This  carriage  consists  of  a  gun-carriage  and  a  chassis. 
Tdr  Grx-CARRiAOE  is  formed  of  two  upright  pieces  of  timber, 

larly  vertical,  forming  the  checks.     Behind  these  arc  placed  two 
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inclined  braces,  mortised  into  the  npriglits  and  designed  to  receive 
tlie  force  of  the  recoil.  A  horizontal  piece  (the  transom  and  axle 
tie)  runs  from  front  to  rear  between  these  pieces,  and  the  whole  is 
firmly  connected  and  braced  by  transoms  and  assembling  bolts, 
thus  forming  a  triangular  framework,  which  is  less  liable  than 
any  other  form,  to  become  deformed  from  the  shocks  of  the  gun. 
Tlie  trunnion-bed  is  formed  at  the  top  of  the  upright,  where  it  is 
joined  to  the  brace;  and  the  breech  of  the  gun  is  supported  on  an 
elevating  screw,  working  into  a  screw-box  placed  in  the  rear  end 
of  the  transom  and  axle  tie,  near  the  front  part  of  the  rear 
transom. 

The  front  transom  is  just  under  the  gun,  and  is  cut  out  to  re- 
ceive it.  The  middle  transom  is  placed  between  the  braces 
about  their  middle  points,  and  is  notched  out  to  receive  the  upper 
side  of  the  transom  and  axle  tie.  Tlie  rear  transom  is  at  the  lower 
end  of  the  braces,  and  under  the  transom  and  axle  tie,  into  which 
it  is  notched,  dowels  being  placed  between  the  two  to  prevent 
sliding ;  the  lower  part  of  this  transom  is  notched  to  receive  the 
tongue  of  the  chassis  on  which  it  slides.  Between  this  transom 
and  the  transom  and  axle  tie^  the  end  of  a  lunette  is  placed  pro- 
jecting to  the  rear  and  fastened  by  a  bolt,  for  the  purpose  of  at- 
taching a  limber  to  the  carriage. 

The  feet  of  the  uprights  and  front  end  pf  the  transom  and 
axle  tie  are  joined  to  an  axle-body,  in  which  an  iron  axle  is  placed. 
On  the  ends  of  the  axle  are  fitted  cast-iron  rollers,  which  rest  upon 
the  rails  of  the  chassis  and  support  the  front  of  the  carriage.  On 
the  outside  of  the  roller  is  placed  an  octagonal  projection,  on 
which  the  cast-iron  nave  of  the  wheel  fits,  secured  by  a  washer 
and  linch-pin.  The  spokes  of  the  wheels  are  wood,  inclosed  within 
heavy  iron  tires. 

Maneuvering  bolts  are  inserted  in  front  of  the  feet  of  the  up- 
rights, and  in  the  carriages  for  pieces  heavier  than  a  24-pounder 
in  rear  of  these  feet  also.  Tliese  bolts  and  the  spokes  of  the 
wheels  form  the  points  of  application  for  the  handspikes,  in  man- 
euvering the  piece.  Maneuvering  staples  are  placed  in  front  of 
the  feet  of  the  braces,  for  the  purpose  of  using  handspikes  to  raise 
the  rear  of  the  carriage  from  the  tongue  of  the  chassis  in  running 
to  and  from  battery. 

The  32-pound  gun  and  8-inch  howitzer,  go  on  the  same  car- 
riage.    All  other  pieces  have  separate  carriages. 
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Two  sizes  of  rollers  are  used,  one  for  tbe  carriages  of  the  12, 

u6,  and  24  pnnnders;  the  other,  for  the  rest  of  the  carriages. 

JIB  roller  part,  however,  is  of  the  same  diameter,  and  tlie  octa- 

fonal   projection  accurately  made,   bo   that  a  wheel   from  any 

rriage  will  fit  on  any  other.     Tlie  wheels  are  alt  of  the  same 

mctor,  43J  inches. 

No  cap-E<jiiarc3  are  need  with  these  carriages. 

Besides  serving  to  assist  in  maneuvering  tlie  gun-carriage,  the 

I  wheels  are  also  used  in  transporting  tlie  piece  on  its  carriage  for 

I  '•hort  distances ;  as,  for  instance,  from  one  front  of  a  fortification 

I  to  another.     To  do  this,  the  rear  of  the  chassis  is  raised  until  the 

I  traverse  wheels  can  be  removed,  when  it  is  lowered  to  rest  on  tbe 

I  prop  of  the  tongne  aTid  then  on  the  traverse  circle.     Planlts  are 

y  tbcn  laid,  inclining  to  the  rear,  to  receive  the  wheels,  which  are 

[  iMwkrd  on  to  them.     A  siege  limber  is  backed  up  to  the  carriage, 

I  lixQ  lunette  placed  over  the  pintle  and  keyed,  and  the  gnn  car- 

*  (tage  dran'n  from  the  chassis. 

TuK  Cn.vftsis  (the  French  for  frame  or  framework)  consists  of 
two  raiU  and  a  ^onyuc,  joined  by  three  transoms.  The  tongue  is 
in  tlio  middle  and  pi-ojects  considerably  beyond  the  rails,  to  tlie 
.  lear.  At  eacli  end  of  tlic  rails,  on  top,  a  hard  piece  of  wood  is 
I  lu>tcbcd  In  and  bolted.  Tliey  are  called  hurtcra  and  counter- 
I  hurtere,  and  iiseil  to  prevent  the  gun  carriage  from  running  from 
'  the  etutssii). 

Rail-|klatee  of  iron  to  protect  the  wooden  rails,  are  let  in  to  the 

'  outside  of  t!ie  rails  0.2  of  an  inch  below  their  upper  surface,  bolted 

'  Kt  each  end  with  an  iron  bolt,  and  fastened  along  the  rails  with 

wooden  Screws,  which  probably  are  l(»s  llablti  to  break  from  the 

f  ihock  of  tbo  recoil. 

At  tlic  rear  end  of  the  tongue  a  swinging  prop  is  placed  to 

L  npport  tlio  end  of  the  tongue  when  the  jiiece  is  run  back  or  the 

nvcive  whcvls  arc  removed.    The  lower  side  of  the  end  of  the 

L  tongne  i«  notched  out  and  a  maneuvering  loop  fixed  tliere,  with  a 

|l<bolt  and  screws  to  assist  in  handling  the  chassis. 

The  same  chassis  serves  for  the  12  and  IS  pdr.  carriages.  On 
the  under  aide  of  each  rail  opposite  the  rear  transom  a  mortise  is 
fomiGd,  for  the  reception  of  a  fork  socket  of  iron  which  receives 
tbo  handle  of  the  Iraverso-whccl  fork.  Each  of  those  forks  ro- 
eivu  «  traverse-whwl,  joined  to  it  by  an  axle-bolt,  and  these 
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support  the  rear  end  of  the  chassis.  Tlic  front  end  is  supported 
on  a  pintle-plate  of  iron ;  through  which,  and  up  into  the  middle 
of  the  front  transom,  passes  a  pintle  or  bolt,  which  serves  as  a 
pivot  around  which  the  whole  system  moves. 

In  permanent  batteries,  the  pintle  is  fixed  in  a  block  of  stone, 
and  the  traverse  circle  is  an  iron  plate  set  also  on  stone.  For 
temporary  batteries,  the  pintle  is  attached  to  a  wooden  bolster, 
which  is  covered  by  a  circular  cast-iron  plate,  and  attached  by 
bolts  to  a  wooden  cross,  picketed  firmly  into  the  ground. 

A  temporary  traverse-circle  is  formed  of  plank  pinned  to 
sleepers  and  fastened  to  pickets,  or  secured  to  string  pieces  which 
connect  the  traverse-circle  with  the  pintle-cross. 

The  traverse-wheels  and  their  forks  retain  their  places  by  the 
weight  of  the  carriage  and  gun.  The  pivot-bolts  of  the  traverse- 
wheels  project  to  the  rear,  and  are  acted  against  by  the  hand- 
spikes in  traversing  the  carriage. 

Tlie  chassis  for  the  heaviest  carriages  has  in  addition  to  the 
three  transoms,  four  iron  pipes  placed  in  pairs  between  the  tongue 
and  rails.  Through  each  pair  a  heavy  bolt  passes,  and  is  fastened 
on  the  outside  of  the  rails  with  nuts.  The  chassis  slopes  towards 
the  front  in  order  to  diminish  the  recoil,  and  aid  in  running  the 
piece  into  battery.  (For  dimensions  and  weights  of  these  car- 
riages, see  Appendix,  pp.  7  and  8.) 

2,  The  Columbiad  Carbiaok,  Fig.  132,  Plate  11,  consists  of 
a  gxm  carnage  and  c/kmsis.  Tliose  for  the  8  and  10  inch  differ 
only  in  dimensions. 

The  Gun  Carbiaoe  is  a  triangular  frame  work,  consisting  on 
each  side  of  an  upright,  a  horizontal  rail  or  tie,  and  a  brace, 
firmly  mortised  and  bolted  together,  the  two  sides  being  joined 
by  a  transom  and  axle  body  at  each  end.  Tliese  project  below 
the  lower  surfaces  of  the  ties,  and  fit  in  between  tlie  rails  of  the 
chassis,  serving,  like  the  flanges  on  the  rollers  in  the  other  barbette 
carriages,  to  prevent  the  gun  carriage  from  moving  sideways  off 
the  chassis.  The  lower  side  of  the  tics  is  shod  with  a  friction- 
plate. 

Through  the  front  axle-body  and  near  the  front  ends  of  the 
tics,  an  iron  axletree  is  placed,  working  in  iron  boxes  fitting  in 
the  tics.  On  the  projecting  ends  of  this  axletree  (the  axis  of 
which  is  eccentric  with  the  axis  of  the  ends),  the  rollers  or  man* 
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e;  ■wheels  aro  Jixed,  the  extreme  ends  of  tlic  axle  being  octa- 
nal  in  shape  to  fit  the  wrencli  of  the  iron  handspike. 
Thcao  eccentrics  are  bo  arranged  that  when  the  centers  of  the 
B  are  at  their  lowest  points,  the  surfaces  of  the  wheels  bear 
a  the  rails  of  the  chaasis  and  raiee  the  gnn-cnrriage  tie  from  it ; 
1  when  the  centers  aro  at  their  highest  points,  the  surfaces  of 
B  wheels  do  not  touch  the  chassis  rails,  and  the  carriage  tied 
Sicnisolvea  are  in  contact  with  the  rails. 

A  similar  arrangement  is  made  for  the  rear  part  of  the  car- 
Hagv,  except  that  the  axle  docs  not  extend  all  the  way  through, 
nit  tlie  wheel  on  each  side  has  a  projecting  piece  of  axle  which 
roriu  into  a  box  placed  in  the  end  of  the  tie. 

The  wheel  is  thrown  into  or  out  of  gear,  that  is,  made  to  bear 
D  tho  rail  of  the  chassis  or  relieved  from  it,  by  turning  the  axle 
ritli  a  wrench  placed  on  the  octagonal  end. 

In  the  direetiun  of  the  radii  of  the  wliecle,  hut  inclined  otit- 

?d8,  mortises  are  placed  for  the  reception  of  the  end  of  the 

wn  lian<)spikes,  by  acting  on  which,  while  inserted,  the  wheels 

a  turned  and  tlie  carriage  moved  back  and  fortli  on  the  chassis. 

Ordinarily,  when  the  wheels  are  thrown  into  gear,  the  carriage 

King  back,  it  will  run  into  battery  of  itself. 

The  elevating  arrangement  on  this  carriage  is  different  from 

any  other  in  the  service.     It  consists  of,  first,  an  elevating  screw 

which  works  into  a  screw  bed  below  Iho  second  part,  whicli  slides 

in  E  vertical  box,  and  carries  on  the  top  of  it  a  movable  pawl  to 

L  flt  into  tliu  notches  cut  in  the  hreeeh  of  the  gnu.     TIic  pawl  has  a 

I  slit  in  it  throUf^i  which  the  elevating  handspike  is  passed,  and 

I  tiic  giin  raisetl  by  making  use  of  the  edge  of  the  elevating  bqx  aa 

I  a  fulcrum.    Tliis  arrangement  is  placed  over  the  rear  transom. 

(.'11.UU11S. — Tlio  chassis  for  this  carriage  docs  not  differ  much 
I  in  ita  construction  fVom  those  nsed  with  the  other  barbette  car^ 
I  riagcs,  heretofore  described. 

It  consists,  like  thciy,  of  two  rails  connected  by  three  transoms ; 
Ibntthtf  tops  of  the  rails  are  shod  with  iron  plates,  and  the  rear 
I  Wnen  arts  the  large  heads  of  heavy  bolts  which  pass  all  the  way 
I  through  the  rails.  The  front  hurters  are  similar  in  form,  hut 
I  fixed  to  tho  front  transom  by  a  heavy  plate  and  bolt. 

Traverse  wheels  are  placed  under  bt>th  front  and  rear  tran- 
I  loms,  and  the  chassis  is  pivoted  ou  a  piutlu  passing  tliruiigh  the 
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middle  transom.  Two  of  these  wheels  are  placed  under  each  end 
of  the  chassis,  their  axles  being  kept  in  place  by  straps  bolted  to 
the  transoms.  Recesses  are  cut  in  the  under  side  of  the  transom 
for  the  wheels  to  turn  in.  Tlie  radius  of  the  traverse  circle  being 
much  less  in  this  case  than  "with  the  other  barbette  carriages,  the 
wheels  have  to  be  placed  in  a  much  more  oblique  position  in 
regard  to  the  rail. 

TiiK  Platform,  Fig.  133,  Plate  11. — ^The  traverse-circle  and 
pintle-plate  may  be  set  in  masonry  made  of  cut  stone ;  or  a  wooden 
platform  may  be  used.  Tlielast  is  a  circular  framework  of  heavy 
timber,  notched  and  bolted  together,  and  laid  on  a  horizontal 
platform  of  thick  plank.  Tlie  space  inside  the  traverse-circle  is 
boarded  over,  and  forms  a  platform  on  which  the  cannoneers 
stand  when  manceuvring  the  gun.  The  pintle-plate,  which  is  of 
iron,  must  be  raised  above  the  level  of  this  platform,  in  order  to 
give  support  to  the  middle  transom.  Tliis  is  done  by  placing  it 
on  a  heavy  circular  block  of  wood,  which  is  firmly  bolted  to  the 
timbers  of  the  main  platform. 

The  arrangement  of  this  carriage  allows  the  piece  to  traverse 
the  whole  circle. 

TiiK  Garbison  Gin,  Fig.  134,  PL  11,  is  made  heavier  and 
stronger  than  the  field  and  siege,  as  it  is  used  for  mounting  heavier 
guns,  and  has  not  to  be  transported  like  the  other  witli  an  army 
in  the  field.  The  legs  are  longer,  and  of  course  the  gin  higher, 
than  the  other. 

The  legs  have  but  two  braces,  which  are  iron  bars  bolted  and 
keyed  to  the  legs.  When  the  gin  is  dismounted  these  braces  are 
turned  on  their  bolts  parallel  to  the  legs,  and  bolted  to  them  by 
the  same  bolts  used  in  setting  up  the  gin.  The  lower  brace  has 
a  third  eye  made  in  it  at  the  proper  distance,  and  tlie  upper  one 
being  just  long  enough  to  reach  the  second  bolt  liole  in  the  leg  to 
which  it  is  fastened. 

Tlie  pry-pole  has  no  tongue,  but  fits  between  the  tops  of  the 
legs,  and  is  joined  to  tliem  by  a  bolt  which  supports  a  clevis,  the 
branches  of  which  rest  on  each  side  of  the  pole.  To  the  clevis  a 
gin-block  is  hooked.  Tlie  pry-pole  has  eleven  cleats  nailed  to  it, 
to  serve  as  steps  on  which  to  mount  to  the  top  of  the  gin. 

The  ends  of  the  windlass  are  provided  with  ratchets,  which  fit 
on  hexagonal  tenons  cut  in  the  wood.     To  work  in  these  rachets, 
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each  log  U  provided  witli  a  [lawl  juiiied  to  it  liv  a  liolt  above  the 
vindlnss  journal -lioxos. 

The  journal-boxes  arc  of  brass,  and  eitJier  fastened  to  the  legs 

liy  bolu,  or  to  blocks  of  wood  which  are  fitted  to  the  legs,  and 

I  tecnrod  hy  heavy  iron  bands ;  or,  if  large  enough  timber  is  used 

[  for  the  le^,  these  beveled  blocks  can  be  fonned  out  of  the  samo 

I  Btieks  as  the  legs.     (Appendix,  p.  11.) 

Ths  Labgk  SrjNO  Cakt,  Fig.  135,  PI.  11,  is  used  for  earrving 
the  heaviest  pieces  and  carriages.  It  consiste  of  a  heavy,  strong 
ailetree,  mounted  on  two  wheels  eiglit  feet  high,  and  snnnounted 
hy  a  bolster,  between  which  and  the  top  of  the  axletree  the 
tongue  and  hounds  are  notched  in  and  secured  with  bolts. 

Two  heavy  hooks  are  placed  in  rear  of  the  axle,  and  fastenetl 

to  it  by  tlie  stems  passing  throiigli  and  being  secured  on  the  front 

I  aide  with  washt-rs  and  nnts.     Two  other  smaller  ones  are  fixed, 

I  inverted,  to  the  front  side  of  thu  bolster,  and  secured  in  the  same 

i  way. 

I         On  top  of  the  bolster  an  iron  bed-plate  is  secured  ;  and  through 

this,  the  bolster,  and  the  axle,  passes  the  stem  of  a  large  double 

I  hook,  on  tlio  upper  part  of  which  is  cut  a  heavy  st^uare  thread, 

to  which  is  adapted  a  corrosponding  nat.    Over  the  nut,  with  slots 

'  lofltcorrespondiDgprojectiouson  it,  fit*  a  large  screw-handle,  the 

,   pn'jeeting  arms  of  which  are  parallel  to  the  bolster,  and  turned 

op  a  foot  and  a  half  at  the  end.     By  turning  this   handle  the 

,   hoisting-screw  is  raised  or  lowered.    Tlie  part  just  above  tlie  don- 

,  hie  hook  ia  made  square  in  order  that,  passing  through  a  square 

I  hole  in  the  axle,  the  screw  iteelf  may  not  turn  with  tlic  handle. 

Tlic  end  of  the  pole  has  a  strap  tcmiinnting  in  a  lunette,  for 

the  pwrpoet-  of  attaching  a  limber  to  it.     Either  a  field  or  siege 

limber  may  be  used.     Under  the  pole  and  near  the  front  part  of 

the  wbeela  a  long  staple  is  placed,  and  secnred  ]>y  it*  branches 

pasaing  through  the  tongue  and  being  fastened  on  the  upper  side 

by  washers  and  nuts.    To  this  the  caficablo  is  laahod  when  the 

pioco  is  stung  on  the  hoisting-screw.     Tlie  pole  is  provided  with 

a  strong  pole-prop. 

Oans  are  carried  on  tliia  cart  by  using  the  trunnion-chain,  the 

'  huge  Hugs  being  pae«cd  over  the  tnmnions,  and  the  middle  linlc 

uvv  the  hoisting-screw  hook.      Other  bodies  are  lashed  to  the 

axle  and  bolster  hooks  and  iho  polc-6taple,  by  means  of  the  sling- 
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chain  and  ropes,  being  first  raised,  if  they  are  not  high  enough, 
with  the  hoisting-screw.  In  carrying  heavy  guns  the  strain  should 
be  taken  oflF  the  screw  as  much  as  possible,  by  lashing  them  to  the 
hooks  and  staple  after  they  run  up,  and  then  turning  the  screw 
down  a  little.    For  dimensions,  &c.,  see  Appendix,  p.  11. 

The  Lifting  Jack,  Fig.  136,  PI.  11,  is  a  small  but  powerfully 
geared  screw,  with  a  horizontally  projecting  foot.  It  is  princi- 
pally used  for  raising  great  weights  in  confined  places,  or  where 
the  number  of  men  is  small.  It  is  slow  in  its  operation,  but  for 
a  single  lift  is  very  convenient,  and  is  found  useful  in  extricating 
pieces  from  diflSculties  during  the  transportation ;  and,  hence,  one 
or  more  of  them  should  accompany  each  siege  train. 

If  the  weight  is  near  the  ground,  and  is  to  be  raised  but  a  short 
distance,  the  foot  is  applied  directly  under  it ;  but  if  the  distance 
to  be  raised  is  greater,  inasmuch  as  the  foot  cannot  raise  the 
weight  high  enough  for  it  to  rest  on  the  head,  it  must  be  first 
propped  up,  and  then  a  piece  of  scantling  called  a  lifting  hlock 
is  placed  on  the  foot,  either  flat,  on  edge,  or  upright,  according  to 
the  distance  through  which  the  weight  is  to  be  raised.  This  block 
may  be  used  also  on  the  head  of  the  jack,  when  it  is  laid  down 
flat ;  or  the  same  end  may  be  attained  by  blocking  up  the  bed  of 
the  jack. 

The  bed  is  made  of  a  block  of  oak ;  and  a  notch  is  cut  in  the 
middle  of  it  to  allow  the  foot  to  come  as  near  the  ground  as 
possible. 

The  stand  is  of  cast  iron,  having  an  opening  in  one  side  to 
allow  the  passage  of  the  foot.  Four  pivots  project  from  the  bot- 
tom of  this  stand  in  order  to  steady  it  on  the  wooden  bed,  to 
which  it  is  joined  by  strong  braces. 

The  Leveb  Jack  consists  of  a  stand  and  a  lever.  Tlie  stand 
is  used  as  an  adjustable  fulcrum,  for  the  lever  made  use  of  in  siege 
and  garrison  service,  for  raising  weights.  The  stland  consists  of 
two  uprights  of  oak,  connected  at  tbe  bottom  by  a  transom  of 
oak  and  a  heavy  bolt ;  to  these  is  mortised  and  pinned  a  heavy 
block  of  wood  called  the  hed. 

In  the  uprights,  at  convenient  intervals,  holes  are  bored  for 
the  reception  of  the  fulcrum ;  which  is  a  strong  iron  pin  fastened 
to  one  of  the  uprights  by  a  chain. 

The  lever  consists  of  a  heavy  piece  of  timber,  15  feet  long, 
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llBsnled  aids.  Near  ouc  end,  and  parallel  to  each  otlicr, 
'  leveisplRtee  are  Sxed  with  ecrews.  These  are  made  of 
Wnglit  iron,  aud  have  circular  notches  cnt  in  them  of  such  a 
e  as  to  fit  the  fulcrum-pm,  and  serve  as  reBting  places  fur  the 
ffer  when  in  use. 
The  MiNCBnTBBrao-BLOCKa  and  implemente  used  with  them 


Thk  Block,  Fig.  1-37,  8  ii 
\  or  other  hard  wood,  as  a 


square  and  20  in.  long,  made  of 
e  the  rest  named  under  this  head. 


k  is  used  for  various  purposes  in  mechaniciJ  I^anau^crs,  such 
i  sen'ing  as  a  rest  for  the  piece  when  it  is  placed  under  it  per- 
mdicular  to  the  axia;  or  in  raising  the  piece  to  its  carriage  or 
bwering  it  from  it,  to  form  supporting  walls  on  each  side  for  the 
septioii  of  the  rollers  or  half-rollers  on  which  the  piece  is  rest- 
It  ia  then  placed  parallel  to  the  piece. 
Taz  Ualf-Block,  Fig.  138,  is  of  the  same  dimensions  as  the 
wk,  except  that  its  cross-section  is  4  x  8  inclies,  in  place  of 


_;o!«__ 


I  square.  It  is  used  for  the  same  purposes  as  the  whole 
'nt  when  the  dietance  through  which  tlie  piece  ia  to  be 
rib  only  half  of  what  it  is  when  tlie  whole  block  is  used. 
Quarter-blocks  are  also  Bometiiiics  used,  of  the  same  length,  6  in. 
wide,  and  two  thick. 

ToK  Scm,  Fig.  139,  is  a  piece  of  timber  tlie  same  size  as  the 

but  fi   feet   long. 
s  used,  tu  support  the 


Dera,    half  ■  rollers, 
B  on  wliich  a  gun  is 
',  and  Is  tht-n  placed 
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Fig.  140. 
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parallel  to  the  axis  of  the  gun ;  to  roll  the  gun  on,  its  height  being 
sufficient  for  the  trunnions  of  most  guns  to  clear  the  ground  ;  and 
as  a  foundation  for  the  piles  of  blocks  and  half-blocks  in  raising 
or  lowering  the  gun. 

The  Shifting-Plank, 
Fig.  140,  is  a  piece  of 
2J  in.  plank,  1  ft.  wide, 
5  ft.  7  in.  long,  and  bev- 
eled at  both  ends  on  op- 
posite sides.  It  is  used 
principally  for  shifting 
pieces  from  one  carriage  to  another. 

The  Long  Bolleb,  Fig.  141,  is  a  round  piece  of  wood,  6  in. 
in  diameter,  and  3  ft.  6  in. 
long,  having  a  groove  cut 
round  it  in  the  middle,  for 
the  reception  of  the  gun 
when  placed  upon  it.  It  is  used  to  move  a  gun  in  the  direction 
of  its  axis,  on  skids,  or  a  hard,  smooth  surface,  such  as  a  platform, 
&c.  Two  of  them  are  used  at  once,  and  the  gun  moving  upon 
them  gains  twice  the  distance  passed  over  by  the  roller. 

The  Half-Eoller,  Fig. 
142,  has  the  same  dimensions, 
but  is  round  only  on  one  side, 
square  on  the  opposite  side, 
and  has  no  groove.  It  is  used  resting  on  the  square  side,  when, 
in  place  of  desiring  to  roll  the  gun,  the  object  is  to  have  a  firm 
support  on  which  the  gun  can  have  its  ends  alternately  raised,  as 
in  mounting  a  gun  on  its  carriage  by  means  of  the  manoeuvering 
blocks. 

The  Short-Roller,  Fig.143, 
is  formed  exactly  like  the  long- 
roller,  but  is  only  1  foot  long. 
It  is  used  in  positions  where 
the  long-roller  cannot  act,  as  Fig.i48. 

between   the   cheeks   of  a  carriage  in  placing  the  gun  in  its 
trunnion-beds,  or  removing  it  from  them,  &c. 

The  Chocks, — ^Figs.  144, 145, 146.     In  the  different  manoBU- 
vers  with  a  gua  and  its  carriage,  chocks  are  necessary  to  steady 
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e  tjiece  on  the  rollers,  half-rollcTB,  ekids,  or  lilocks ;  to  arrt-et  tlie 
progress  of  a  roller,  or  prevent  ita  turning  in  a  wrong  direc-tion ; 
ami  to  pt-rfiirni  the  same  offices  for  the  wheels  of  a  carnage.  Tlie 
different  khula  nsctl  nro  here  represented  in  the  order  in  which 
ley  have  hcon  named  : 


HI 


r 


Tin;  MANtztTVERiNo  IIani>6pike  is  hevcled  at  the  end  on  one 
ade,  for  the  purpose  of  allowing  it  to  enter  into  places  and  nnder 
hodleii  where  a  square-pointed  handspike  could  not  po.  It  allows 
a  gun.  too,  to  bo  turned  in  its  place,  from  this  bevel  presenting, 
when  held  itgaiiiGt  and  nnder  tlie  gno,  an  inclined  surface,  OQ 
'bich  the  ^n  will  elide. 

ToK  TairxxioK-Ixntp,  Fig.  147,  is  a  piece  of  rope    ^^^^i^ 
lout  18  in,  long,  having  its  two  ends  firmly  spliced   f^  | 

together,  forming  thus  a  ring  which  is  placed  over    ^*'^y~r-^ 
the  trunnion,  serving  as  a  means  of  applying  a  hand-  *  '*'* 

Hjiitio  to  slue  the  piece  in  different  directions. 

It  i&  nut  deemed  necessary  to  explain  in  detail  the  different 
tnautiPUTCTB  in  which  these  implements  are  used,  as  ihey  are  all 
explicitly  laid  down  in  the  Ordnance  Manual  and  Heavy  Artil- 
lery Tac'tica. 

Ska-coabt  Material, — Under  this  head  will  be  dcBcribed  such 
carriagex  and  implements  as  are  especially  applicable  to  our  sea- 
coasl  fortifications,  in  which  are  also  used  the  carriages  and 
material  described  under  tlie  head  of  garrison  material. 

It  conaiftts  of 

1.  Casemate  carriages. 

2.  Sea-coaet  materials. 
8,  Casemate  gin. 

4.  Casemate  truck. 
1,  TiiK  Cakuacks  for  all  pieces  are  alike,  differing  only  in 
Itnnuions,  with  llie  exception   of  that  used  for  mounting  tlie 
>pdr.  howitzer  (iron)  in  tlie  flanks  of  cuAcmate  batteries. 
Tlio  carriage  consists  of  a  gxin-f^arriaije  and  a  ehaaaia.    The 
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different  pieces  mounted  on  these  carriages  are  the  24,  32,  and 
42  pdr.  guns,  and  the  8  in.  columbiad. 

The  Gun-Carriaoe,  Fig.  148,  PL  12,  consists  of  two  cheeks 
joined  together  by  as  many  transoms,  and  supported  in  front  by 
an  axletree  on  truck-wheels,  in  rear  on  a  slide,  fitted  beneath  the 
rear  transom. 

Each  cheek  is  formed  of  two  pieces,  one  on  top  of  the  other, 
and  connected  by  dowels  and  bolts.  On  the  under  side,  near  the 
front,  a  notch  is  cut  for  the  reception  of  the  axletree,  which  is  of 
wood  (oak) ;  and  nearly  over  the  axle,  on  the  upper  side  of  the 
cheek,  the  trunnion-bed  is  placed.  The  rear  of  the  upper  piece  of 
the  cheek  is  cut  in  notches,  which  give  a  better  hold  for  the 
assembling-bolts  than  a  uniform  slope,  and  give  purchases  for  the 
handspikes  in  elevating  the  piece. 

On  the  inside  of  each  cheek,  just  in  rear  of  the  axle,  a  vertical 
guide  is  fixed,  to  keep  the  carriage  on  the  chassis.  It  is  of  wood, 
and  bolted  to  the  front  transom  and  axle-tree.  The  top  of  the 
front  transom  is  hollowed  out,  to  admit  the  depression  of  the 
piece. 

Under  the  rear  transom  a  slide  is  placed,  and  if  not  made  of 
the  same  piece,  is  bolted  to  the  transom.  It  has  on  the  under 
side  a  notch,  to  fit  on  the  tongue  of  the  chassis ;  and  in  the  rear 
an  eccentric  roller,  so  arranged  as  to  bear  the  weight  of  the  rear 
part  of  the  carriage  or  not,  according  as  it  is  thrown  in  or  out  of 
gear. 

Near  the  rear  end  of  each  cheek,  and  outside,  a  heavy  trail- 
handle  of  iron  is  placed,  and  used  in  manoeuvring  the  piece. 

On  the  ends  of  the  axle,  truck-wheels  are  placed,  with  mortises 
made  sloping  outwards,  in  the  direction  of  the  radii,  for  the  inser- 
tion of  the  handspikes  in  running  from  battery.  These  wheels 
are  of  one  size  for  all  the  carriages,  20  inches  in  diameter. 

The  elevating  apparatus  consists  of  a  cast-iron  bed-plate, 
secured  to  the  rear  transom ;  an  elevating  screw  and  brass  nut  for 
it  to  work  in ;  the  nut  being  acted  on  by  an  oblique-toothed 
wheel,  turned  by  a  handle  placed  outside  the  right  cheek.  In  the 
8-in.  columbiad  carriage  the  cheeks  are  parallel  to  each  other.  In 
the  others  they  converge  towards  the  front.  No  casemate-carriage 
has  been  adopted  for  the  10-in.  columbiad,  as  it  is  not  designed 
for  use  in  casemates. 
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For  diDienBions,  &c.,  see  Appendix,  pp.  9  and  10. 
Tnjt  CitAaara  consists  of  two  rails  and  a  tongue,  joined  by  two 
loiue.,  and  BUpported  on  traverse  wheels  both  in  front  and 
',  both  of  whicli  require  traverse  L-ircles  to  rnn  on. 
The  ontside  upper  half  of  each  rail  is  eut  out  and  shod  with 
an  iron  rail,  for  the  wheel  to  mn  on,  the  track  being  cui-ved  up  at 
botli  elide,  and  provided  with  hurters,  to  prevent  the  carriage 
]  running  off  the  chassis. 
A  stationary  prop  is  placed  under  the  rear  end  of  the  tongoe, 
a  prevent  the  chassis  upsetting  hftckwards  in  firing  very  heavy 
I,  and  may  be  used  as  a  point  of  support  in  raising  the 

An  iron  fork  is  fastened  by  bolts  to  the  nnder  side  of  the  front 

1  of  tlio  tongue ;  and  to  this  is  bolted  the  iron  tongue,  tlirough 

t  eye  in  the  otlicr  end  of  which  the  pintle  passes.     Aii  opening 

k  the  masonry  below  the  embrasure  is  left  for  this  tongue,  and  it 

I  secured  in  its  place  by  dropping  the  pintle  from  the  embrasure 

uDtm  through  the  eye  of  the  tongue.     (For  dimensions,  &c.,  see 

^pendix,  pp.  9  and  10.) 

T^E  2irD.  Ikon  IIowrrzKR  Carriage,  Fig.   149,  Plate  12,  is 

Kially  adapted  to  tlie  monntiugof  the  howitzer  in  tlie  flanks  of 

temate  batteries,  for  the  defense  of  ttie  ditch ;  and  both  the  gun 

rriage  and  chassis  are  narrower  and  lighter  than  any  of  the 

llior  casemate  carriages. 

The  checks  of  the  gun  carriage  are  made  of  white  oak,  and 

inoctod  by  two  iron  transoms,  the  front  one  projecting  below 

t  clioeks,  and  resting  on  tho  chassis  with  a  projection  on  the 

pttom  of  it,  fitting  in  between  tlio  rails. 

The  bottom  of  tlie  trail  hag  tho  same  elope  as  the  upper  sur- 

Q  of  the  chaaais  on  which  it  rests,  so  that  when  its  eccentric 

Her  is  out  of  gear,  tlie  rear  parts  of  the  cheeks  fit  upon  the  rails. 

c  retnaiiuiig  portion  of  the  bottom  of  the  cheek  makes  an  angle 

rith  the  rail,  and  is  furnished  in  front  with  a  fork,  and  a  roller 

jvhicli  runs  upon  tlie  rail  of  tho  chassis  when  the  eccentric  is  in 


£ach  check  has  on  the  side  near  the  rear,  a  trail-handle,  and 
r  tlte  front  a  manteuvring  ring. 

In  rear  of  tlie  rear  transom  is  placed  an  eccentric  roller,  bar- 
f  a  projection  on  the  middle  of  it  just  large  enough  to  fit  in 
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between  the  rails  of  the  chassis,  and  act  as  a  guide  to  the  trail  of 
the  carriage.  When  this  roller  is  in  gear,  the  weight  of  the  trail 
rests  upon  it,  while  that  of  the  front  part  of  the  carriage  is  thrown 
upon  the  front  rollers,  and  the  piece  is  then  run  easily  in  and 
out  of  battery ;  but  the  roller  being  out  of  gear,  as  when  the  piece 
is  about  to  be  fired,  the  weight  all  rests  upon  the  rear  part  of  the 
cheeks  and  the  front  transom,  and  friction  is  brought  into  play 
to  diminish  the  recoil.     Cap-squares  are  used  with  this  carriage. 

The  elevating  apparatus  is  similar  to  that  used  for  the  other 
casemate  carriages.  It  has  been  suggested,  that  instead  of  hav- 
ing the  handle  of  this  apparatus  four  projecting  branches,  it 
should  be  made  with  a  round  tire  similar  to  a  wheel,  when  it 
could  be  worked  easily  by  the  gunner  when  engaged  in  sighting 
the  piece. 

The  Chassis  consists  simply  of  two  rails,  3  in.  apart,  and 
joined  by  four  transoms  and  assembling  bolts. 

Hurters  on  the  rear  ends  of  the  rails  only  are  used,  as  the  bot- 
tom projection  of  the  front  transom  prevents  the  carriage  running 
too  far  iiito  battery. 

The  front  end  of  the  chassis  rests  on  the  sole  of  the  embrasure, 
the  lower  side  being  sloped  off  horizontally  for  the  purpose.  The 
end  is  provided  with  a  pintle-plate  and  a  strap  of  J-in.  iron 
through  which  the  pintle  passes  to  the  masonry  beneath. 

The  rear  of  the  chassis  is  held  up  by  two  traverse  wheels  ar- 
ranged differently  from  those  in  the  other  carriages.  A  prop  of 
iron  with  two  branches  at  top,  which  are  bent  and  bolted  to  the 
rails,  is  firmly  braced  with  an  iron  bar  to  one  of  the  transoms  of 
the  chassis.  The  lower  end  of  this  prop  forms  a  socket  for  the 
reception  of  the  stem  of  the  traverse-wheel  fork,  which  has  two 
branches  with  a  traverse  wheel  in  each.  The  stem  is  bolted  in 
the  socket  of  the  prop,  and  the  arms  are  so  bent  as  to  make 
the  wheels  stand  perpendicular  to  the  radius  of  the  traverse  circle. 
The  traverse  wheels  are  slightly  conical.  (For  dimensions,  &c., 
see  Appendix,  pp.  9  and  10. 

Curved  Traverse:  Circles. — ^It  has  been  proposed  to  dispense 
with  the  pintle  in  these  carriages,  by  adopting  an  oval-shaped 
traverse  circle,  and  grooving  the  wheels  to  correspond.  Experi- 
ment, so  far,  goes  to  show  that  the  shock  of  firing  is  not  sufficient, 
without  the  pintle,  to  throw  the  wheels  from  the  track.  • 
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It  might  be  more  difficult  to  ^pply  tliese  traverse  circles  to 
he  flank  carriHge ;  but  it  could  be  done  by  fixing  a  small  casematu 
e  in  the  sole  of  the  embrasure,  aud  fitting  small  grooved  rollers 
Itho  under  side  of  the  front  part  of  the  chasgis. 
I  These  traverse  circles  will  reiiiure  a  man  with  a  handspike  at 
»  front  traverae  wheel,  as  well  as  at  the  rear  one,  to  prevent  tho 
llceU  binding  on  the  circles,  bj  becoming  oblique  to  tlicni. 
Ikon  Cabriages. — For  some  years  past,  experiments  have 
been  going  on  in  Europe,  particularly  in  France,  Kussia  and 
Prussia,  in  regard  to  tho  use  of  east  and  wrought  iron  as  a  mate- 
rial for  gun  carriages.  Cast  iron  is  objectionable  on  account  of 
K(  weight,  and  its  great  liability  to  splinter  when  struck  by  shot. 
In  the  United  States,  similar  experiments  have  been  made, 
t  moro'especially  in  regard  to  wrought  iron,  that  being  deemed 
the  best  material  of  the  two.  Tlie  results  have  been  so  satisfac- 
tory, tliat  wrought  iron  carriage  has  been  recommended  for  use 
altogether  in  garrisons,  in  place  of  the  wooden,  with  tlie  excep- 
tion of  the  carriage  for  the  24  pd.  howitzer  in  flank  casemales. 
Tlic  following  are  the  carriages  recommended  for  adoption. 

tl  Harbutte  carriage  for  10  in.  eolumbiad. 
1        "  "  "    Sin.        " 

1         '*  "  "  42  and  32  pd.  gims. 

I         "  "  "  24  pd.  gun  and  smaller  calibers. 

1  Casemate    "  '*    8  in.  eolumbiad  and  24  pd.  gun, 

1         "  "  32  and  24  pd.  gims. 

These  carriages  are  all  made  in  a  similar  manner,  differing 
only  in  weight  and  dimensions.  When  the  same  carriage  is  used 
t'i'T  piwe«  of  different  sizes,  movable  trunnion  plates  to  flt  the 
irunnions  of  the  smaller  calibers  are  placed  in  the  trunnion  holes. 
TiiR  Carbiage,  Fig.  150,  Plate  12,  consists  of  two  checks  of 
thick  eheet  iron,  each  one  of  which  is  strengthened  by  three  flanged 
iri.n  plates,  which  arc  bolted  to  tlic  checks.  Along  the  bottom  of 
>-uch  cheek,  an  Iron  shoe  is  tixed  with  the  end  bent  upwards. 

In  front,  this  bent  end  is  bolt<^^  to  the  flange  of  tliu  front 
ttrciigthcntng  ptate.  In  rear  tho  bent  portion  is  longer,  and  ter- 
minated at  lop  by  another  bend,  which  serves  as  a  point  of  appli- 
cation fur  a  wheeknl  lever,  C,  when  running  to  and  from  battery. 
Ilie  trunnion-plates  fit  over  the  top  ends  of  tho  strengthen- 
ing plates  which  meet  around  the  bed,  and  are  fastened  to  the 
tluigea  of  the  latter  with  movable  bolts  aud  nuts. 


216  ARTILLERY    MATERIAL. 

The  cheeks  are  joined  together  by  transoms  made  of  bar-iron, 
bent  at  the  ends  and  bolted  to  the  cheeks,  instead  of  pipes  and 
assembling  bolts  running  through,  which  were  used  at  first. 

The  cheeks  are  parallel  to  each  other,  and  in  order  that  the 
hose-ring  on  the  gun  may  not  interfere  with  giving  it  the  full 
elevation  by  striking  against  them,  it  is  proposed  to  leave  the 
base-ring  off  all  sea-coast  and  garrison  pieces,  and  to  retain  the 
preponderance  by  reducing  the  swell  of  the  muzzle.  These 
changes  will,  as  has  been-  stated  in  Chap.  HI.,  reduce  the  weight 
of  the  pieces,  at  the  same  time  that,  on  Mr,  Mallet's  principle, 
they  will  increase  their  endurance. 

The  front  of  the  carriage  is  mounted  on  an  axletree,  with 
truck-wheels  similar  to  the  present  casemate  carriages. 

A  carriage  of  this  kind  was  submitted  to  every  severe  test  to 
which  it  would  be  exposed  in  service,  and  sustained,  satisfac- 
torily, 4,000  rounds  without  requiring,  for  the  last  2,000,  any 
repairs  whatever. 

Thb  Chassis  is  formed  of  two  rails  of  wrought  iron,  the  cross- 
section  being  in  the  form  of  a  T,  the  flat  surface  on  top  being  for 
the  reception  of  the  shoe-rail  of  the  gun  carriage.  The  rails  are 
parallel  to  each  other,  and  connected  by  iron  transoms  and  braces 
which  are  bent  at  the  ends  and  fastened  to  the  rails  with  bolts. 
The  chassis  is  supported  ais  before,  on  traverse  wheels,  which 
work  in  forks  fitting  into  sockets  bolted  on  to  the  outside  of  the 
rails  at  the  proper  points. 

It  has  since  been  proposed  to  have  but  four  kinds  of  these  car- 
riages, viz. :  a  barbette  carriage  for  each  of  the  8-inch  and  10- 
inch  columbiads,  and  one  barbette  and  one  casemate  carriage  for 
all  other  pieces;  suitable  trunnion-plates,  transoms,  and  axles, 
being  substituted,  according  to  the  size  of  the  piece. 

A  prop  is  placed  under  the  middle  transom  of  the  chassis,  to 
provide  against  sagging. 

Tlie  10-inch  carriage  has  braces  bolted  to  both  sides  of  each 

cheek-plate.    All  other  carriages  have  braces  on  the  inside  only. 

The  thickness  of  the  cheek-plates,  the  dimensions   of  the 

trough-beams  for  braces  and  transoms  (rear),  and  the  chassis  rails, 

are  the  same  for  all  carriages. 

The  axle  boxes,  axle-box  washers,  and  truck  wheels,  are  the 
same  for  all  carriages. 
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Tlie  axle&  and  transoniB  for  all  onrringes  differ  only  in  tLeir 
sagthB. 
The  front  *  and  middle  traneoms  of  the  8  and  10  inch  colum- 
Iliad  barbette  cliafefiis,  and  the  piops  for  all  the  carriagee,  are 
jftood. 

The  tongnes  for  tlie  wooden  casemate  carriagee,  and  the  tra- 
e  wheels,  &c.,  for  the  wooden  carriages,  may  be  made  to  an- 
r  for  the  iron  carriage». 
The  elevating  screwa,  &c.,  are  the  same  as  are  used  for  the 
iden  carriages  reepectively.  A  graduated  arc  may  be  attached 
f  a  hinge  to  the  rear  brace  of  the  right  cheek,  and  used  in  ele- 
fliting  the  gun. 

Tlio  chassis  rails  of  all  carriages  have  an  inclination  of  tliree 

Lead    or    leather   wasliers   should   he   used    under    all    the 
ubera. 

The  traverse  wheels  for  the  barbette  and  casemate  chassis  may 
cither  bo  placed  directly  under  the  rails,  or  between  the  rails  in 
•ockcts  in  the  trunsome.  Both  niethods  were  tried,  and  answered 
qoally  well. 

By  placing  the  wheels  directly  under  tho  rails,  the  distance 

^tweei)  each  pair  of  wheels  is  5  inches  greater  tlian  when  they 

;  placed  in  tlic  transoms ;  and  as  the  24-pdr.  barbette  carriage 

k  12  inchea  higher  and  7  inches  narrower  than  the  S-inch  casc- 

tato  carriage,  ibis  method  is  Cfinsidcred  t<»  be  the  best.f 

HiArr  Ska-coast  MoKTAa-BKDa. — Tlie  bed  for  the  heavy  10- 

~i  mortar  is  the  only  one  which  has,  up  to  this  time,  boeii 

TTie  cheeks  are  of  cast  iron,  and  somewhat  similar  In  fonn  to 
I  in  the  beds  of  siege  mortars,  but  in  the  front,  the  cheeks 
1  Bp  to  receive  between  them  the  front  transom,  which  has, 
lountcreimk  in  and  bolted  to  it,  an  elevating  screw-bul  through 
iich  works  an  inclined  elevating  screw  which  riaes  or  falls  by 
■ning  the  nut  fitted  on  it  by  means  of  a  lever  inserted  into 
morlieea  cut  in  the  direction  of  the  radii  of  the  circular  nut. 


*  II  U  pmpas«4  to  hiir«  the  Troot  tmnwin  of  Iron. 
)  A>  bat  alnaJy  bren  tUUd,  Ibe  WKkel  plato  are  ni 
oltliiniU. 
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Both  the  transoms  are  made  of  wood,  connected  with  the 
cliceks  by  mortises  and  tenons,  and  secured  by  bolts  running 
through  and  nuts  on  the  outside.  One  of  these  bolts  at  each  end, 
is  longer  than  the  others,  and  the  projecting  ends  are  made  use 
of  as  maneuvering  bolts. 

Directly  behind  and  underneath  the  position  for  the  trun- 
nions, a  bronze  bed-piece  is  placed  to  receive  the  shock  of  the 
piece.  It  consists  of  a  large  beam  of  bronze,  with  each  end  well 
let  in  to  the  fiice  of  the  cheek. 

Although  no  bed  has  as  yet  been  adopted  for  the  13-inch 
mortar,  it  is  presumed  the  bed  for  it  would  not  differ  essentially 
from  that  for  the  10-inch. 

The  use  of  the  elevating  screw  in  place  of  the  quoin,  is  ren- 
dered necessary  by  the  great  mass  of  metal  to  be  raised  or  lowered 
in  sighting  the  piece. 

The  Casemate  Qtn  (does  not  differ  from  the  garrison  gin, 
except  in  its  height,  which  is  less  (about  that  of  the  field  and 
siege  gin),  and  the  thickness  and  strength  of  the  parts.  These 
differences  are  necessary,  on  account  of  the  contracted  places  in 
which  the  gin  is  used  and  the  greater  weights  to  be  raised  by  it. 
(For  dimensions,  see  Appendix,  p.  11.) 

The  Casemate  Truck,  Fig.  151,  PI.  12,  is  used  for  transport- 
ing guns  through  casemate  galleries  and  other  contracted  places 
in  a  fortification.  It  consists  of  a  heavy  framework  platform 
made  of  two  rails  with  three  connecting  transoms  mortised  into 
tliem  ;  the  tops  of  the  transoms  being  hollowed  out  to  receive  the 
gun.  The  front  and  rear  transoms  have  an  iron  transom-plate 
let  into  the  underside  and  fastened ;  the  ends  of  these  plates  ter- 
minate in  eyes,  into  which  rings  are  welded  for  hooking  drag- 
ropes  to  the  truck. 

Tlie  platform  stands  on  three  wheels,  supported  in  forks,  the 
wheels  and  forks  being  the  same  as  those  used  for  the  chassis  in 
barbette  carriages,  except  that  the  upper  part  of  the  stem  for  the 
front  fork  is  made  conical  in  shape,  to  allow  the  truck  to  change 
direction. 

Two  fork-plates  are  fastened  under  the  rails,  one  on  each,  with 
their  centers  one  foot  in  front  of  the  rear  transom.  Into  these, 
and  running  up  into  the  rails,  the  stems  of  the  rear  wheel- 
forks  fit. 
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The  fork  for  the  front  wheel  has  attached  to  it  by  a  bolt  a 
long  iron  handle,  with  the  end  tamed  up  and  a  wooden  handle 
inserted  in  the  eye.  The  conical  top  of  the  front-wheel  fork  is 
inserted  in  a  socket  made  for  it  in  the  middle  of  the  front  tran- 
som and  plate. 

A  Stobe  Truck,  such  as  may  be  seen  in  any  commercial 
store,  is  used  for  moving  boxes,  ifec,  in  storehouses,  or  in  embark- 
ing and  disembarking  stores.  To  prevent  the  load  from  touching 
them,  the  wheels  are  protected  on  top  by  guard-plates  of  iron. 


2Q0  taBOKT  IF  inss. 


CHAPTER  Til. 


ST  OF  J 


T^- 


ify^nci^    A  ^^,  H^^Hr^f'ifUd  int  iroci  &  *:>:<i7  it  nuai  ;ftr!nt«ii 
uttufi^,  ««7  irrn^i  </  tro^i^    Eat  die  vefj  besc  •rscirczjed  awn 

lAtUtKt  VtuuTnctL  If  mitroctioxi  Lt  tarzet  practice  15  «:•! 
*frif/'/rtAft/5<fe  to  well  drilled  and  diiciplined  tr»»p5,  when  opp>a^ 
t//  tr^y/{M  of  the  i*m^  kind^  ita  importance  cannot  be  estimated 
wh'rri  th^  qaalitj  of  HiH  troops  becomes  worse,  and  the  opp:*nenrs 
th^;  fridiarm  of  '/or  wettsm  eonntrr,  nearly  all  of  whom  are  well 
vfrrn^^l  in  tk^  lue  of  the  rifle  or  bow  and  arrow,  and  dependent  on 
ly^ttt  for  their  daily  nul/mtence. 

In  the  rer?#5Tit  en/jounter  with  Indiana  of  CoL  Steptoe's  com- 
mand in  Waiihin^in  Territory,  many  of  the  men  were  armed 
with  the  old  mnnkdoon  (a  most  indifferent  arm),  and  very  soon 
ex(»^;nde^i  all  their  ammunition  in  ineffectual  fires  against  an  enemy 
nioiinU^l  on  fleet  horses,  and  armed  partly  with  rifles,  partly  with 
b/iws  and  arrows,  whose  deadly  shaft  is  shot  by  them  with  aston- 
islitrif(  aeciira^y,  and  at  a  rate  exceeding  that  at  which  an  adept 
in  its  use  can  fire  balls  from  a  refodlver.  Charges  of  cavalry,  with 
the  saber^  however  gallantly  conducted  and  successful  for  a  time, 
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Id  not  eucceed  againftt  Buch  an  enemy ;  and  &  hasty  retreat  in 
the  ntgLt  was  t]i«  oikly  resort,  to  avoid  annihilation. 

In  tlic  enhsequent  expedition,  the  men  were  armed  with  rifles 
and  rifled-muiiketa,  and  after  A/ew  weeke'  hasty  drill  attained  such 
a  contjdeuce  in  their  anne,  that  on  the  first  encounter  with  the 
Indians  the  result  proved  very  different. 

Oar  service  is  perfectly  devoid  of  any  means  of  attaining 

pficiency  in  the  nee  of  arms  of  any  kind  ;  and  the  time  will  yet 

ime,  if  some  corrective  is  not  applied,  when  this  deficiency  will 

ialt  in  a  disaster  vastly  greater  than  the  defeat  of  a  handful  of 

men  in  a  ditttant  territory. 

Snperiority  in  volunteer  troops  over  regulars,  when  it  does 
exist,  is  not  found  in  those  regiments  recruited  about  our  great 
aties,  from  men  who  never  touched  a  gun  before  in  their  lives; 
,t  in  those  made  up  of  young  men  from  the  wooda,  who,  from 
daily  use  of  the  rifle  from  their  boyhood,  know  its  power ;  and 
this  knowledge  it  is,  which  in  part,  supplies  the  place  of  a  disci- 
pline they  do  not  possess,  and  makes  t\\etnyeel  that  with  discipline 
they  are  invincible.  In  confirmation  of  theao  remarks,  such 
regiments  as  the  South  Carolina  and  Tlfissiseippi,  in  the  Mexican 
war,  are  confidently  referred  to ;  both  were  commanded,  by  men, 
soldiers  from  education  and  by  profession. 

To  attain  efficiency  in  the  use  of  any  arm,  diligent  and  system- 

:ie  practice  is  absolutely  necessary ;  and  this  can  only  be  obtained 

►y  establishing  scboob  of  instniction,  like  those  at  Vincennee, 

Baint  Omer,  Grenoble,  and  Toulouse,  in  France,  from  which,  every 

'ear,  officers  and  men  well  instructed  in  the  principles  of  firing, 

imay  be  sent  out  into  tlie  army  at  large,  and  impart  the  same 

^^st«m  and  efficiency  to  it.     An  attempt  is  now  being  made  to 

itablUb  such  a  school,  for  the  urtiUcr}-, at  Fort  Monroe;  but  the 

^uuity  for  a  school  for  the  infantry  arm,  is  just  as  great  and 

.more  immediately  pressing.    Tlie  results  of  such  schools  will  far 

lore  than  compensate  for  the  cost,  and  withdrawal  from  active 

'ilQilitary  service  of  a  small   number  of  men,  by  the  greatly 

iQcrcaDed  efiiciency  of  the  rest. 

In  the  successful  and  oft-repeated  repulse  of  cavalry  cliarges 
Ity  Bijaarcs  ai  infantry,  the  main  dependence  is  not  in  the  use  of 
the  bayonet,  but  in  the  close,  wcU-diroctcd  fire,  delirered  as  the 
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horsemen  approach.  This,  breaking  their  formation  and  disor- 
ganizing their  ranks,  leaves  them  at  the  end  of  the  charge  with  a 
wall  of  bayonets  in  their  front,  against  which  horses  cannot  be. 
forced  unless  at  full  speed  and  supported  by  numbers  behind 
It  is  not  pretended  that  a  large  body  of  compact  horseman  can- 
not ride  over  a  small  square  of  infantry.  To  hold  such  a  doctrine 
would  be  to  deny  the  fundamental  principles  which  govern  the 
relation  between  force  and  resistance.  But  with  anything  like 
parity  of  numbers,  cavalry  cannot  break  squares  of  infantry, 
simply  from  the  injury  inflicted  before  the  shock  takes  place. 

In  order  to  become  proficient  in  the  use  of  fire-arms,  a  man 
must  either  learn  the  principles  upon  which  his  arm  is  construct- 
ed, as  well  as  those  governing  the  inflammation  of  powder  and 
the  passage  of  a  projectile  through  the  air ;  or  he  must,  from 
long  actual  practice  with  the  arm,  understand  the  results  of  these 
principles.  It  is  evident  that  a  combination  of  the  two  will  pro- 
duce the  best  marksman  in  the  shortest  time. 

The  theory  to  be  taught  the  marksman,  will  now  be  dis- 
cussed. 

Powder,  when  inflamed  in  a  gun,  developes  a  certain  amount 
of  elastic  fluid,  which  escapes  on  that  side  where  it  meets  with 
the  least  resistance,  driving  before  it  the  projectile  which  is 
opposed  to  it. 

VELocrrr  is  the  space  passed  over  by  the  projectile  in  a  second 
of  time.  Its  velocity,  when  it  leaves  the  piece,  is  called  the 
initial  velocity. 

The  action  of  the  powder,  as  has  been  before  stated,  is  not 
instantaneous ;  and  although  the  ball  is  less  than  7  j^th  part  of  a 
second  in  going  out  of  the  piece,  it  receives  its  velocity  by 
degrees.  The  velocity  of  the  gas  developed  is  very  great,  and 
has  been  estimated  as  high  as  between  9,000  and  10,000  feet. 
This  great  velocity  causes  the  first  gas  produced  to  spread  rapidly 
through  the  interstices  of  the  grains,  and  inflame  the  entire 
charge.  The  time,  taken  for  the  entire  combustion  of  each  grain, 
although  very  short,  is  greater  than  that  required  for  the  in- 
flammation, and  depends  on  the  size  and  consistency  of  the 
grains. 

Since  the  inflammation  takes  place  through  the  interstices  of 
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e  grains,  it  follows  that  haixl  ramming,  by  packing  the  grains 

I  diminishing  the  spaces,  should  reduce  tlie  vdocity  of  the 

llL     TIic  ramming  should  he  so  regulated  as  to  place  the  ball 

toll  ftj^inst  the  charge,  and  to  have  it  as  near  as  possible  under 

a  circumstances  at  each  shot. 

"When  the  cartridges  liave  been  a  good  deal  knocked  about, 

B  dust  formed  hj  the  crushed  grains  obstructs  tlie  interstices 

Itwecn  tlie  grains,  and,  the  charge  fuzing  instead  of  exploding, 

i  veloci^  of  the  ball  is  diminished. 

Since  the  smallest  grains  bum  qnickest,  it  follows  that  for  any 

KpTen  length  of  barrel,  there  will  be  more  powder  burnt  and  a 

mtcr  effect  produced  as  tim  grains  are  decreased  in  size.     For 

KJflus    reason,  fine   s|)orting-powder   gives,  with    equal    weights, 

reater  velocity  than  musket-powder  ;  and  this  difierence  becomes 

K'^e  more  marked  as  the  length  of  the  gun  and  the  charge  are 

jdecruasod. 

Powder  loses  force  as  the  amount  of  moisture  contained  in  it 
lereMBcs.  Tims,  the  effect  produced  is  less  on  a  wet  day  tlinn  on 
fc  irarm,  dry  one.     Wet  powder  fuzes  instead  of  exploding. 

Tlie  initial  velocity  of  The  ball  depends  on — the  charge;  the 

ftli^  of  the  )>owdcr ;  t)ic  lengtli  of  tlie  gun ;  tlie  size  and  density 

r  the  projectile ;  on  the  amount  of  windage,  and  on  the  size  of 

B  vent,  especially  in  flint-lock  guns. 

With  a  given  length  of  gun,  and  particular  projectile,  there  is 

I  maxininm  charge  beyond  whicli  no  increased  velocity  is  ob- 

biticd.    This  charge  must  bo  determined  by  experiment ;  though 

Ac  cbar^^  used  arc  generally  less  than  tlie  maximuln,  the  rule 

nerolly  laid  down  being,  that  as  the  velocity  increases  very 

^Wowly  from  a  third  of  the  weight  of  the  shot  up  to  the  maxi- 

Tjnam,  it  is  not  advisable  to  use  a  greater  charge  than  one  third, 

II  account  of  the  effect  on  ttie  ]>ieee,  tlie  waste  of  powder,  and 

^o  recoil.    In  tliis  rivpect  the  modem  improvements  in  small 

I  Mc  very  marked ;  for  whilst  witii  the  old  niuekot  Jth  the 

'eight  of  the  bullet  was  used,  with  the  rifled  and  altered  mnslcet 

e  ii«u  but  t  or  iV- 

Tlie  longer  a  gun  is,  the  greater  length  of  time  is  tlic  projec- 

e  Kuhmitt<-d  to  the  accelerating  action  of  the  gases;  hut  past  a 

I  leng;th,  the  shocks  and  friction  cxpcrieuecd  by  the  ball 
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overcome  its  increase  of  velocity.  Experiment  shows  there  is  no 
advantage  in  giving  to  the  rifle-mnsket  barrel  a  greater  length 
than  forty  inches,  vtrhich  is  accordingly  adopted  for  the  new 
arm. 

Powder  devclopes  a  greater  force  as  it  meets  with  more  resist- 
ance to  its  expansion,  so  that  the  heavier  a  projectile  the  greater 
becomes  the  quantity  of  motion  it  receives.  Hius  one  projectile 
double  the  weight  of  another,  receives  from  the  same  amount  of 
powder  a  much  greater  velocity  than  one  half  of  that  given  to 
the  lighter  one.  Tliis  fact  enables  us,  in  mortars,  where  the 
weight  of  tlie  projectile  is  almost  directly  opposed  to  the  action  of 
the  powder,  to  use  a  smaller  charge  than  would  otherwise  be 
necessary. 

With  a  given  charge,  projectiles  with  the  least  density,  and 
smallest  diameter,  receive  the  greatest  velocity ;  but  out  of  the 
gun  the  advantage  soon  disappears,  for  such  projectiles  meet  with 
the  greatest  resistance  from  the  air. 

The  cliarge  necessary  to  produce  a  given  velocity  increases 
with  the  density  of  the  projectile. 

The  new  rifle-musket  gives,  with  a  charge  of  60  and  bullet  of 
510  grains,  an  initial  velocity  of  over 950  feet;  which,  however, 
wouUl  probably  be  decreased  when  using  cartridges  which  had 
bei^n  transported  some  distance,  especially  if  in  the  hands  of  the 

men. 

liixviL. — As  the  powder  acts  in  all  directions,  the  bottom  of 
the  gun  is  thrown  back  with  a  greater  force  as  the  charge  increases. 
Tlie  aetion  on  the  piece  is  greater  proportionally  than  on  the  ball 
as  the  Inntom  of  the  K>re  presents  a  greater  surtaeo  than  the  ball ; 
and  the  gas  oi>utinues  to  act  on  the  gun  at\er  the  ball  ha*  left  it. 
Pae  velocity  impressed  on  the  gun  is  called  the  rt\»iL 

With  the  old  musket,  n>und  bullet,  and  liO  grains  of  powder, 
the  initial  velocity  of  l*4i6  ft.  is  obtained.  The  rvxvil  v.f  the  gun, 
wtro  it  of  the  same  weight  as  the  bullet,  would  be  grvater.  say 
i,:J>0  fivt.  That  is,  that  the  ball  must  have  this  veloeity,  in 
v^rvler  that*  striking  the  piece,  it  should  produce  the  amount  of 
rxwil  aotaally  experienced  by  the  gun.  But  velocities  are 
i:n  erselv  pn>jK>rtioQaI  to  the  masses  moved  ;  and  the  masked 
wei  -Iv-u^  about  1 W  times  as  much  as  the  bullet,  the  retn?o;r»de 
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ity  imparted  will  lie  only  'f,\'=\Z.73  ft,  or  about  the  same 

a  faet-trotting  horse  will  travel.    This  ^L'loeity  is  bo  great 

\t  tho  marksman  would  he  injured  hy  the  sliciek,  if  he  did  not 

Id  the  gun  close  against  his  shoulder,  iu  such  a  way  as  to  join 

weight  of  his  body  to  that  of  tlie  piece-    Supjiosing  the  resiBt- 

le  offered  by  bim  is  ten  times  that  offered  by  tlie  gun,  the  recoil 

reduced  to  1.373  ft.,  which  can  be  borne. 

With  the  new  rifle-musket,  the  ratio  between  the  bullet  and 

piece  is  reduced  to  13S,  the  initial  velocity  to  903  ft.,  and  the 

iponding  recoil  to,  say  1,500  ft, ;  so  that  the  actual  recoil  of 

piece  is  reduced  to  VjV  =10.87  ft.    These  numbers  are  not 

;tly  accurate,  but  are  near  enough  for  our  purpose. 

Tlie  effect  of  the  recoil  on  the  marksman  is  farther  diminished 

ly  the  form  given  to  the  stock,  which,  being  curved,  decomposea 

the  force  of  tlie  blow.    The  same  result  is  obtained  in  tlie  pietol 

by  the  curve  given  to  the  stock,  which  changes  the  direct  recoil 

ito  a  movement  of  rotation  around  the  hand. 

The  ball  leaves  the  piece  so  rapidly,  that  the  recoil  has  no 

ipreciahle  effect  upon  its  direction.    This  may  be  shown  by 

placing  a  gun-barrel  on  each  aide  of  a  square  horizontal  frame  sub- 

peadcd  by  a  single  wire ;  the  second  barrel  being  for  the  purpose 

of  balancing  the  lirst.     One  of  tliese  barrels  being  pointed  and 

the  hall  has  no  appreclsblo  deviation,  although  the  frame 

olvea,  from  the  effect  of  the  recoil,  rapidly  around  the  suspend- 

wire.     The  recoil,  then,  probably  begins  to  be  felt  only  when 

ball  la  nearly  out  of  the  piece ;  and  as  the  recoil  of  a  gun  in 

's  hands  is  sensibly  in  a  right  line,  it  follows  tliat  the  recoil 

iiLWM  DO  apprc-ciable  deviations  in  firing  from  the  shoulder. 

In  loading,  the  jKiwder  should  be  well  shaken  out  of  the  paper, 

prevent  the  formation  of  gas  inside  of  ihia,  which,  forcing  the 

tper  against  the  sides  of  the  bore,  prevents  it  from  lea^'ing  with 

charge,  and  endangers  the  explosion  of  the  next  charge  when 

ing,  from  the  lighted  paper.    There  is  no  danger  of  heating 

le  piece  by  rapid  Bring  eo  as  to  cause  premature  explosions,  since 

before  it  reaches  600°,  the  temperature  at  which  gunpowder 

le*,  it  is  entirely  too  hot  to  hatidle. 

TiiEORT  OF  FiBK. — In  the  use  of  fire-arms,  the  tliree  following 

i»,  and  their  relation  to  each  other  must  be  known. 


TIIEOBT    OF    FIRE 

,  The  line  of  sight  is  the  vieual  ray  A  B  E  G, 
Fig.  152,  passing  through  the  higliest  points 
of  the  breech  and  muzzle  of  the  piece,  and 
directed  on  the  object  designed  to  be  stmck. 
The  line  of  fire,  or  axis,  is  the  axis  of  the  piece 
C  E  X  prolonged  indefinitely ;  and  the  troQec- 
tory  is  the  cnrve  E  T  Q  H,  described  by  the 
center  of  the  projectile.  All  these  lines  lie, 
theoretically,  in  the  same  vertical  plane,  called 
the  vertical  plane  of  fire. 

The  ball  starts  along  the  axis,  and  but  for 
its  weight,  would  follow  that  line  more  or  lees 
closely ;  but  as  soon  as  it  leaves  the  bore,  its 
weight  depresses  it,  and  keeps  it  always  below 
the  line  of  fire  C  X,  In  vacuo,  tlie  trajec- 
tory would  be  a  parabola ;  but  in  the  air 
it  is  modified,  and  becomes  less  like  that 
curve  as  the  weight  and  velocity  of  the  ball 
increase. 

Ordinarily,  the  diameter  of  guns  is  greater 
at  the  breech  than  at  the  muzzle ;  and  the 
naiural  line  of  sight,  or  line  of  m-ctal,  A  B, 
makes  an  angle  with  the  axis  BED,  which 
is  called  the  angU  of  sight. 

The  ball  falling  but  little  below  the  axis 

when  it  first  leaves  the  piece,  its  trajectory 

cuts  the  line  of  metal  at  a  point  E'  (in  small 

arms  a  very  little  below  the  axis),  passes  above 

it,  and  cuts  it  a  second  time  at  G,  which  is 

called  the  point  blank.      It  is  the  point  at 

which,  in  order  to  strike  it,  a  gun  is  directly 

aimed.     Its  distance  from  the  gun  is  called 

the  pointManJe  range.    The  range  is  the  dis- 

rig.  IBS.  tanCG  from  the  piece  at  which  the  ball  strikes. 

The  angle  of  fire  is  the  angle  which  tlie  axis  makes  with  the 

horizontal.     On  liorizontal  ground  the  range  increases  with  this 

angle  up  to  a  certain  limit,  depending  upon  the  size  and  velocity 

of  the  projectile.    At  the  limit,  this  angle  is  called  the  angle  of 
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i  ratine,  Thie  angle  in  vacuo  witii  a  email  velocity  is  45". 
e  air  with  email  velocity  and  heavy  projectiles  it  is  a  little 

I,  bnt  with  long  guns  and  great  velocity,  it  is  from  25"  to  35°. 
L^  point-blank  range  varies  from  several  causes,  the  princi- 
les  being  :   The  velocity  of  the  ball  ;   its   diameter   and 

iji;ht ;  the  iaclinatioa  of  the  line  of  sight ;  and  the  ehape  of  the 


The  velocity  of  the  ball  depends  on  the  charge  and  the  length 
( tlie  piece. 

The  diameter  and  weight  of  the  ball  cause  a  certain  amount  of 
nation  in  the  range.  The  larger  and  denser  the  ball,  the  more 
■ily  it  overcomes  the  reaistanco  of  the  air,  preserves  its  velocity 
ind  accuracy  of  firo,  compared  with  a  smaller  one  of  leas  density 
endowed  with  tlio  same  or  even  greater  iuitial  velocity,  A 
leaden  bull,  for  instance,  will  have  a  greater  range  and  accuracy 
than  an  iron  one. 

The  inclination  of  the  line  of  sight  with  tbe  horizontal  pro- 
very  little  change  in  the  point  blank  range,   nnless  this 
Initiation  is  very  great.     When  a  gun  is  fired  at  a  great  angle  of 
rvation,  the  action  of  gravity  being  almost  directly  opposed  to 
B  force  of  impulsion,  the  trajectory  is  shortened  and  tlic  point- 
nk  range  diminished.   The  contrary  is  the  case  when  the  piece 
Ifired  under  a  great  angle  of  depression,  as  gravity  then  acts 
(  the  impulsive  force,  and  lengthens  the  trajectory. 
I  EKperimant  shown  that  for  atigles  within  15°  above  or  below 
I  horizontal,  the  variations  in  die  point-blank  ranges  may  be 
I,  and  the  trajoctory  considered  as  constant.     Henee,  by 
;  a  guD  in  position,  and  varying  the  inclination  of  tlie  line  of 
lilt,  wo  gut  tliu  same  point-blanks  which  would  be  obtained  by 
[yiug  the  position  of  the  piece  each  time  in  order  to  make  the 
B  of  sight  horizontal. 
\  Hence,  it  follows  that  tn  strike  an  object  elevated  or  depressed 
*  abo^'e  or  below  the  axis  of  the  gun,  the  piece  is  aimed  exactly 
■  if  on  the  same  level  with  the  object. 

\  The  greater  tho  difference  between  the  diameters  of  the  breech 
1  muzzlo,  the  greot#r  will  be  the  angle  of  sight,  BEi)=XEG 
ig.  ISS),  and  tlie  farther  removed  will  the  point  blank  be. 
Vhhin  a  certain  angle,  when  the  points  £'  and  Q  arc  anitod,  that 
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is,  the  line  of  sight  become  tangent  to  the  trajeetoiy,  there  is  no 
point  blank,  and  none,  of  course,  when  this  line  becomes  parallel 
to  the  axis  (as  is  the  case  in  our  mortars),  or  when  it  divergea 
from  the  axis. 

In  the  same  kind  of  piece  the  form  is  almost  identicallj  the 
same ;  the  angle  of  sight  then  remains  the  same ;  the  charges  and 
balls  are  constant ;  and  the  habitual  angles  of  elevation  of  the 
line  of  sight  are  comprised  between  ±  15°.  The  point  blank 
and  trajectory  may,  therefore,  be  considered  as  practically  invar 
riable.  There  is,  then,  a  constant  relation  existing  betwe^i 
the  line  of  sight  and  trajectory,  and  the  rules  of  firing  will  be 
known  when  the  positions  of  the  different  points  of  the  trajec- 
tory in  reference  to  the  line  of  sight,  are  known. 

By  the  figure  152,  it  will  be  seen  that  to  strike  an  object 
at  point-blank  distance  (B  G),  the  piece  must  be  aimed  directly 
at  it.  If  the  object  is  within  point-blank  range,  as  at  F, 
the  piece  must  be  aimed  below  it,  a  distance  P  M'=P  M,  the 
height  of  the  trajectory  above  the  line  of  sight  at  that  distance; 
otherwise,  the  shot  would  strike  too  high  by  that  much.  On  the 
contrary,  if  the  object  is  beyond  point-blank  range,  as  at  Q,  the 
piece  must  be  aimed  above  it  a  distance  QN'=QN,  the  distance 
of  the  trajectory  below  the  line  of  sight  at  that  distance ;  other- 
wise, the  shot,  after  cutting  the  line  of  sight  at  6,  would  strike 
too  low  by  the  distance  Q  N. 

The  elevations  and  depressions  of  the  trajectory  are  measured 
on  the  vertical  lines  passing  through  the  points  to  be  struck. 

When  the  line  of  sight  does  not  meet  tlie  trajectory,  the  piece 
must  always  be  aimed  above  the  point  to  be  struck,  a  distance 
equal  to  the  depression  of  the  trajectory  at  that  point. 

Wlien  the  angle  of  sight  increases,  the  segment  of  the  trajec- 
tory E'  T  H  above  the  new  line  of  sight  K  H  becomes  greater ; 
for  the  ball  thrown  under  a  greater  angle  must  go  farther,  and 
the  new  point-blank,  H,  ought  to  be  more  distant  than  the  first 
one,  G. 

As  sighting  above  or  below  the  mark  is  liable  to  many  errors, 
and  very  inaccurate  in  practice,  any  method  which  will  enable  us 
to  sight  directly  at  the  object,  is  preferable.  Tliisend  is  attained 
by  the  use  of  a  hreechrsigkty  or  hausse  (from  hausser  to  increase). 
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Icli  being  applied  upright  on  the  breech,  increaeoa  its  apparent 
meter,  and  conseqnently  the  angle  of  sight,  giving,  ss  it  were, 
mew  point  blank  for  every  new  length  or  division  of  the  scale, 
email  arms,  these  scales,  called  rear  sighU,  are  connected  with 
tile  piece  by  a  hinge,  and  when  not  in  nse  are  folded  down  bo  as 
allow  sighting  along  tho  natural  line  of  sight.  The  line  obtained 
by  using  a  haiuse  is  called  im  artlji-cial  line  of  sight. 

Uean  Teajkctoby. — A  knowledge  of  the  trajectory  deecribed 
ball  is  necessary  in  order  to  understand  and  apply  tiic  prin- 
ilea  of  fire.     The  curve  may  be  calculated  by  means  of  an 
•pproximate  equation  ;  but  it  is  better  to  employ  this  method  in 
connection  with  the  determination  of  points  by  practical  experi- 
ments. 

Points  of  the  mean  trajectory  are  obtained  by  firing  from  a 
id,  a  great  number  of  shot  aa  nearly  under  the  same  circnm- 
ices  as  possible.     With  the  musket,  great  variation  is  observed 
in  sncccssivo  shots,  and  it  is  the  instability  of  the  trajectory  which 
renders  mnsketry  firing  so  nncertain. 

Tlicee  series  of  shots  are  fired  at  different  distances,  and  at 
rgcts  large  enough  to  receive  nearly  all  the  balls.  The  piece  is 
ictimes  fired  from  the  shoulder,  using  a  rest,  and  sometimee 
a  light  carriage,  on  which  the  axis  of  the  piece  is  placed 
-ixoiital  by  means  of  a  spirit  level. 

The  piece  being  loaded  and  fired  carefully  a  number  of  times, 
balls,  matead  of  following  substantially  tho  same  coarse,  de- 
,Ie  in  every  direction,  furming  thus  a  kind  of  coue  with  the 
X  at  the  piece,  and  having  its  cross-section  increased  as  the 
itance  from  tho  piece  increases.  This  renders  it  necessary  to 
the  size  of  the  target  as  the  firing  distances  become 
<r,  and  in  proportion  as  the  accuracy  of  the  piece  decreases. 
As  there  is  no  reason  why  the  ball  should  go  to  the  right 
vr  tlian  tlie  left,  or  too  high  rather  than  too  low,  all  the  shot« 
more  or  lees  liable  to  strike  at  the  proper  point ;  so  that 
ing  the  general  mean  of  tlie  hits  at  each  distance,  one  point  of 
mean  trajectory  will  be  obtained.  Upon  tlie  knowledge  of 
mean  trajectory  of  any  arm,  the  rules  with  regard  to  ita  firo 
founded. 
The  target  for  these  experiments  is  made  of  very  thin  boards, 


230  THEORY    OP    FERE. 

or  cotton  cloth  stretched  over  a  frame.  Through  a  point  in  the 
center,  a  horizontal  and  vertical  line  are  drawn,  as  coordinates  to 
which  all  the  shots  are  referred;  parallel  lines  to  these  are 
described  at  stated  distances,  to  facilitate  the  reference. 

The  mean  point  obtained  by  this  operation  will  of  coarse  be 
the  more  accurate  as  the  number  of  shots  fired  is  increased ;  and 
if  the  number  is  infinite,  the  result  will  be  exact,  as  then  all  the 
chances  of  error  will  balance  and  mutually  correct  each  other. 
The  theory  of  chances,  however,  gives  a  sufiScient  approximation 
by  using  200  shots  at  each  distance.  Tliose  shots  which  strike 
after  ricocheting,  or  do  not  strike  the  target  at  all,  should  be 
excluded. 

Tlie  point  of  impact  of  a  ball  is  the  point  where  it  strikes  the 
target,  and  the  mean  of  all  the  hits  is  called  the  mean  paint  of 
impacty  or  the  center  of  impact.  It  is  a  point  of  the  mean  tra- 
jectory. 

To  determine  this  point,  the  distances  of  all  shots  above  the 
horizontal  central  line  arc  added  together,  and  also  the  distances 
of  all  shots  falling  below  this  line.  The  difierence  between  these 
two  sums,  divided  by  the  number  of  shots,  gives  one  co-ordinate 
of  the  center  of  impact.  The  other  is  obtained  by  pursuing  the 
same  process  in  regard  to  the  shots  on  the  right  and  left  of  the 
vertical  central  line. 

If  the  sum  of  the  distances  above  the  horizontal  line  is  the 
greatest,  the  resultant  point  will  correspond  to  a  point  of  the  tra- 
jectory within  point-blank  range.  If  the  contrary  is  the  case,  the 
point  will  be  one  beyond  the  point  blank. 

To  construct  the  curve  from  this  data,  an  indefinite  right  line 
is  drawn  with  perpendiculars  erected  at  points  corresponding  to 
the  different  distances  of  the  targets  P  P',  &c..  Fig.  153 ;  and  on 
these  are  laid  off  the  different  elevations  and  depressions  of  the 
center  of  impact  above  and  below  the  horizontal  target-line.  The 
curve  described  through  these  points  will  represent  the  trajectory. 
Where  this  curve  crosses  the  right  line  will  correspond  to  the 
point  blank  of  the  piece,  and  the  distance  of  that  point  from  the 
starting  point  will  represent  the  point-blank  range. 

This  supposes  different  elevations  have  been  used  in  firing.  If, 
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however,  tlje  axis  of 

the    piece    )ias    been 

kept  borizont&l,  all  the 

centers  of"  impact  ■will 

be  below  the  borizon- 

""■'"■  Ul   co-ordinate;    and 

^rdcr  to  find  tbo  point  blank,  the  line  of  Bigbt  ^  c  must  be 

i  drawn  in  its  real  position,  and  will  give,  by  its  intersettion  » 

^tb  the  curve,  the  point  corresponding  to  tlie  point  blank. 

Tlie  co-ordinatea  of  the  center  of  impact  being  known,  the 
bint  itself  is  known,  and  its  distance  from  the  center  of  the  target 
p  called  the  absolute  mean  deviation. 

It  rcstills  from  what  precedes,  that  the  mean  trajectory  occn- 

s  tlic  center  of  the  cone  of  despersion  of  the  balls,  and  that  the 

I  of  fire,  eitlicr  for  the  direction  or  elevation  of  the  shots, 

mid  bo  fonndcd  on  the  poeition  of  this  curve. 

For  a  small  number  of  shots,  with  a  given  piece,  or  with  an 

iinakillful  mai'ksman,  it  might  happen  tliat  the  mean  trajectory 

wonid  not  be  comprised  in  the  same  plane  ;  but  when  the  number 

f  shots  is  great,  and  proper  precautions  arc  taken,  as  there  is  no 

wn  why  the  trajectory  should  leave  tlie  vertical  plane  of  fire, 

I  will,  as  a  general  thing,  be  found  in  it. 

It  ia  evident  that  for  each  marksman,  and  even  for  each  piece, 
e  ia  a  particular  cone  of  diapertiion ;  and  that  the  more  skillftil 
i  markttmnn  and  more  perfect  the  piece,  the  less  will  be  the 
kctiun  of  llic  coiie  for  each  distance. 

It  follows,  therefore,  that  the  best  niarkEman  is  not  necessarily 
■  who  niakcA  the  nearest  shots,  but  the  one  whose  shots  are  scat- 
r  the  smallest  surface,  or  have  the  least  absolute  mean 
(viation.  In  firing,  tlioee  marksmen  should  be  excluded  who 
}  not  hit  the  target  every  time,  or  who  hit  by  ricochets. 

In  order  to  simplify,  a  point  of  the  mean  trajectory  is  taken  aa 
B  common  point  of  impact,  and  the  best  marksman  is  tlio  one 
B  sum  of  whose  deviations,  measured  from  this  point,  ia  the 


Tlic  following  are  tlie  points  of  tlie  traji'ctnrics,  as  detcnnined 
r  the  rifled-niuhket,  the  altered  musket,  and  the  riHe,  from  which 
t  forma  of  the  curves  may  bo  constructed : — 
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POINTS  OF  TRAJECTORY   OF   NEW  RIFLE  MUSKET.      " 
Distance,  200  yards ;  weight  of  ball,  600  grains;  weight  of  powder,  60  g^niL 


Ueight  (inches) 

Distance  (yard) 

14.6 
60 

17.7 
76 

19.8 
100 

19.6 
126 

16. 
160 

10. 
176 

POINTS  OF  TRAJECTORY  OF  ALTERED  MUSKET. 
Distance,  200  yards ;  weight  of  ball,  780  grains ;  weight  of  powder,  60  graioa 


Height  (inches)  .... 
Distance  (yards). . . . 

16.2 
60 

18.8 
75 

19.7 
100 

20.9 
125 

17.5 
150 

10.4 
175 

POINTS  OF  TRAJECTORY  OF  HARPER'S   FERRY   RIFLE. 
Distance,  600  yards ;  weights  of  ball,  400  grains ;  weight  of  powder,  50  grains^ 


Height  (inches) 

Distance  (yards). . . . 

85. 

100 

141. 
200 

146. 
250 

160. 
800 

97. 

400 

0. 

500 

Tlie  cones  of  dispersion  of  the  balls  comprise  all  the  causes  of 
error  in  firing,  whether  resulting  from  the  arm  itself,  from  the 
projectile  and  the  resistance  of  the  air,  or  from  the  want  of  prac- 
tice or  skill  in  the  marksman.  The  causes  of  irregularity  in  firing, 
although  greater  in  the  horizontal  than  in  the  vertical  direction, 
are  considerable  in  the  latter.  They  raise  or  depress  the  balls, 
and  change  the  ranges  to  an  appreciable  extent. 

The  general  form  of  the  cone  of  dispersion  will  present  a 

curved  surface.  Fig.  154,  which  is  concave  outwards ;  for  experi- 
ment goes  to  prove  that  when  a  variable 
cause  acts  an  infinite  number  of  times,  the 
variations  of  this  cause  tend  to  neutralize 
^«-  '**■  each  other,  and  we  may  then  assimilate  its 

effects  to  those  of  a  constant  accelerating  force,  acting  in  the  same 
manner  as  gravity.    In  the  same  way  that  we  see  heavy  bodies 
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pOTing  with  an  accelerated  velocity,  so  the  force  with  which  the 

il]&  deviate  goes  on  increasing,  whilst  tlie  velocity  of  the  hall 

diminishes.     That  is,  the  terms  P  P",  P'  P",  Ac,  are  constantly 

decreaEing.  whilst  P'  M\  /*"  M",  Ac,  are  increasing,  which  will 

Jte  the  curve  A  M'  M",  &c.,  concave. 

The  scpanttion  of  the  balls  is  not  in  proportion  to  the  ranges ; 

I,  if  the  distance  is  doubled,  the  separation  will  be  more  than 

mbled,  and  so  on. 

It  is  remarked  that  the  cone  of  dispersion  becomes  longer, 

b  eqaal  deviations,  as  the  velocity  of  the  balls  increases,  or  that 

B  fira  is  more  accurate  as  the  velocity  is  increased ;  a  principle 

lOwn   to   ancient   artillerists,  who  employed,  for  small   arms, 

trges  mnch  larger  tlian  those  now  in  use. 

From  what  precedes,  it  will  be  seen  that  the  dispersion  of 

)  balls  resalts  from  causes,   some  of  which  are  independent 

r  the  want  of  skill   in  the  marksman,   and  others  de}>endent 

lun  it;  that  the  accuracy  of  a  marksman  cannot  be  properly 

■itnatcd  from  s  single  shot;  and  that  it  cannot  he  affirmed  an 

torved  deviation  is  the  result  of  unskillfulneee  in  the  marksman, 

pUie  deviation  is  comprised  within  tlie  cone  of  dispersion  for  that 

Hie  objects  of  instmction  in  firing  arc,  to  analyze  the  causes 

ich  are  independent  of  the  marksman,  to  determine  eiaetly 
Br  infltience ;  and  to  rectify  those  which  are  dejiendent  upon 

I,  by  imparting  to  the  troops  a  tliorough  system  of  instruction ; 

1  for  these  objocts,  the  influonce  of  schools  of  practice  upon  the 

ciency  of  troops,  cannot  he  over-ceti mated. 

The  ordinary  hansae  or  breech-sight  will  give  the  proper 
(gle,  provided  the  trunnions  are  horizontal,  or  the  line  al(Hig 
llich  the  sighting  is  done,  is  in  the  same  vertical  piano  with  the 

8  of  tlic  piece.     For,  if  this  is  not  the  case,  the  line  of  metal, 

or  flight,  marked  on  the  piece,  no  longer  passes  through  the  high- 

ert  points  of  the  muzzle  and  breech.     It,  however,  always  meet£ 

«  at  the  same  point,  and  will  be  projected  on  the  vertical 

mo  of  fire  in  H"  C,  helow  J^'  E",  Fig.  155,  which  jiasses  tlirough 

e  highest  points  in  the  now  position  of  the  piece,  giving  an  m- 

•  Ibss  than  the  one  intended. 
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T;:c  Hr.o  of  ??:rl:t  inarkeii  on  tlie  srRn.  outtinir  the  axis  at  2?, 
"Vi^c^o*  to  tho  op}H>s5to  siilo  of  tlio  plane  oi  lire.  Supposing  tLe 
Ic:^  whiVi  the  l;isrho!^t*  the  marked  line  of  sijLr  prflonged,  will 
Vv'.?^  !k^  :he  lot\  of  the  venioAl  plane  of  dre,  and  the  piece  being 
a; .".oi  Va-  :V.a:^  the  #::o:  will  s^>  tvx^  far  to  ihe  lirht,  or,  on  the 
i-'.i;  .•:'  :ii^:  !owcr  wV.ot!.  The  amour.i  of  ceviati:-::  will  depend 
::v».  "  :!\e  ci^^rrtnee  of  :ovcl  Iviw^x^r.  iLe  :wo  whi-els.  or  in  Ezuall 
arv>v  v^,  :^.e  .;c\ia;;on  of  the  *:cr.:  frv-n:  :lv  virticil,  ar.d  on  the 
,v'>rav,,x"  of  :r.o  oycct.    "H.^Tv-fore,  :o  «rlke  :le  or;eo:,  the  piece 

.:  r.Tiu'  vvrr.:;::*  :r.;  ?<^  rcr.:c\:v  v::-  ci-r.:-.  ::r  ire  ease  just 
r- .i^-:  :-;.v.u\:,  i<  to  r,;Ark.  >v  r-u'dkr.>  vf  a  >:  Irli-'cTcI.  ire  hishest 

. »■       >  ,  .   .,-4    .  ttxv  ,.  a. ««« .i  ...  4,.t  ..t .«  .•.«>_^.  ^  1 .  — e  suiL 

T  ;  .\:^:t:-.r.  "Ir,  rar^^  :>r/:  >,*  rrea:  :r  ::  >   r.-.v..l  :r::r»:»r:anee 
i»^^  ...  ,  .k.n'Ta^  .,i^  .a.»^» . .  a,:»«  •,.v  .a^.fiT  ->  .• i-,;-»  v-.Tia«c^  in 

i^J^TS.  T»  .  i'TV    ,.  i     ..,:i    ,  .     ...';.va^  ^>    i_T^i.  .  >  .•iJTk^v..    I*.'  uie 


-.»^  ..*  ' 
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\.  ■ 
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liighcet  point  of  tte  muzzle,  B,  and  the  mark.  A  U  will  be 
liuglit  of  the  hausse  for  that  distance.  It  Ib  evident  that  the 
of  the  baus30  is  equivalent  to  iDcreasing  tlie  angle  of  fire ; 
the  greater  the  length  given  to  the  liaug&e,  the  more  must  the 
iltrecch  be  lowered  and  the  muzzle  elevated. 

The  lateral  deviation  for  any  particular  piece,  Trhen  the  (run- 

nions  arc  not  horizontal,  can  easily  be  calculated.     Take  a  C-pdr. 

Ing  at  an  elevation,  by  the  hauese,  of  3°,  which  will  make  the 

lo  of  fire  3° ;  call  U  the  total  height  of  the  3"  point  above  the 

[htitig  point  on  the  mtizzle,  that  is=tho  height  marked  off  on 

,e  hausse  for  3'+the  ditspart.     Let  I  be  the  distance  between  the 

two  points,  measured  on  a  line  parallel  to  the  axis  and  passing 

tliroHgh  the  highest  jioint  of  the  muzzle.   I  is,  then,  the  base  of  a 

:aiiglc  of  which  Jl  is  the  height.     Call- 

»,   Fig.    157,   tlie  angle  which   the 

ioiia  make  with  the  horizontal,  II 

ab,  will    be  the    horizontal   dis- 

icfl  between  the  lighting  point,  h,  in 

new  position,  and  the  vertical  plane 

ingb  I,  wliich  may  be  taken  for  the 

10  of  fire.     Calling  D  the  distance  of   , 

mark  and  a:  the  horizontal  deviation   ( 

that  distance,  we  will  have  the  pro- 
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Mttituting  in  this  the  different  tbIucb  for  a  0-pdr.  finng  at  3° 

rration,  range  1138  yards,  and  the  tninnions  inclined  20°,  wo 

.  3.076  in.  x  1138  yds.  sin.  20"     ^„  ,  .  .      .  „  *■  ^ 

tTose= =-r^ =  (3.4m.,  or  about  6  feet, 

6B.7  lu.  '  ' 

r  the  horizontal  deviation  at  that  diGtance  due  to  an  inclination 
fgti'  in  the  tmnnioDB, 

[  To  ascertain  what  difference  of  level  between  the  wheels  this 
U  give,  call  it  J^,  and  using  the  track  of  the  carriage=60  inches, 
■  radius,  ho  have  /=-ff  sin.  20''  =  2i>i  in. 
I  To  get  the  depression  of  the  roar  point  of  tlie  line  of  eight,  or, 
■vUl  be  equal  to  7/(1— cos.  t)=2  .^ain.' J  ir=0,18  in.,  and  the 
•ion,  y,  at  the  di&tance  of  113S  yards  will  be  obtained  by 
_2/ID%\n.'\'t_ 


I  fonnnla  I :  S/Tsin.'  l?  •.:D:y= 


I 


-=13  in. 


,i^-   *"• 


■•••- 


►— 
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i  taken  (w  at  the  centre  of  gravity,  G,  Fig.  158, 

bilat  the  resietance  of  the  air  act«  on  the  eurface 

'  the  projectile,  and  the  point  of  application  of 

le  force  may  be  taken  at  C,  tlie  center  of  figure.  rv.  wa. 

Iieee   two   points  hot  coinciding,   tlic  two  forcea  will  not  be 

;tly  oppose^l.  and  n  movement  of  rotation  will  be  produced 

0  around  G,  or  llie  ligliter  part  of  the  ball  aronnd  the  Iieavior, 

hich  will  be  more  or  lens  energetic,  according  to  the  length  of 

lever  arm,  or  the  difitance  between  the  two  centers. 

Tina  has  been  clearly  demonstrated  by  using  balls,  having  a 

tjiin  of  the  metal  bored  out  on  one  side,  so  as  to  make  that 

[iicntly  lighter  than  the  other.     By  placing  the  bali  in  the 

itb  the  lighteet  side  up,  the  rotation  takes  place  from  above 

below,  ae  is  ordinarily  the  case.     This  increases  tlie  resistance 

the  air  to  the  top  hemisphere  where  the  velocity  of  rotation  is 

to  (hat  of  translation,  and  decreasea  it  on  the  under  side, 

here  the  velocity  of  rotation  acta  in  opposition  to  that  of  transla- 

1.    The  resistance,  then,  on  the  npper  side  is  greater  than  on  the 

■er,  the  ball  is  forced  towards  the  ground,  and  the  range  ta 

The  more  metal  token  out  of  the  ball,  the  closer  will 

fUl  to  tlie  piece. 

By  reversing  the  position,  the  lightest  half  of  the  ball,  which  is 
iow,  moves  iirst,  and  the  rotation  is  from  below  to  above.  The 
BStancc  is  tlien  greatest  below,  the  ball  held  np,  and  the  range 
By  placing  the  light  part  to  the  right  or  left  in  the  bore, 
le  ball  deviates  very  considerably  to 
le  liift  or  right  of  the  plane  of  fi  re. 

A  very  inpenioiiB  instrument  to 
»w  the  tmcqual  pressure  on  differ- 
it  cidod  of  a  rotating  body,  has  been 
ivented  by  Dr.  Msgnna,  of  Berlin, 
td  noticed  in  "  Belobel'g  Revue  de 
.nologie  Militaire."  A  small  cyl- 
der,  Fig.  150,  with  a  rcrltcal  axis, 
pkcod  in  front  of  a  fan-wheel,  by 
ming  which  a  cnrrcnt  of  air  ia 
againet  the  cylinder.  Two 
lit  vanes,  a  a',  are  balanced  on 
ills  on  each  *ide  of  the  cylinder 
weight*  on    the   opposite   sides 
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of  the  pivot3.  So  long  as  the  cylinder  remains  stationary,  tbese 
little  vanes  are  inclined  at  the  same  angle  towards  it,  bnt  the  mo- 
ment a  rotary  motion  is  given  to  the  cylinder  about  its  axis, 
the  vanes  are  deflected  at  unequal  angles,  showing  unequal  pres- 
sure of  the  air,  the  greatest  pressure  being  on  that  side  where  the 
motion  of  the  cylinder  and  current  are  in  opposite  directions.  If, 
for  example,  the  cylinder  be  rotating  from  right  to  left  towards  d 
as  indicated  by  the  arrow-head,  the  vane  a  will  show  the  greatest 
deflection ;  and  were  the  cylinder  free  to  move  like  a  ball,  it 
would  be  pushed,  out  of  its  direction,  to  the  left  by  the  increased 
pressure  on  the  right.  This  is  exactly  the  effect  which  experi- 
ment shows  is  produced  on  a  projectile,  which  has  a  motion  of 
rotation  like  the  cylinder,  and  in  which  the  blast  from  the  fan- 
wheel  is  replaced  by  a  motion  of  translation  of  the  body  itself. 

By  another  arrangement  of  the  same  apparatus,  the  effect  is 
more  distinctly  shown  by  freely  suspending  a  rotating  cylinder  in 
front  of  the  fan-wheel,  when  it  is  found  that  it  is  driven  round  in 
a  circle,  the  direction  depending  upon  the  direction  in  which  it 
rotates.  The  effect  is  produced  in  a  much  greater  degree  when 
the  cylinder  is  made  to  rotate  eccentrically. 

"When  the  velocity  of  the  current  of  air  is  very  great  in  pro- 
portion to  that  of  the  revolving  cylinder,  the  direction  of  the  vane. 
Fig.  159,  is  but  little  different  from  what  it  was  when  the  cylin- 
der was  stationary,  whereas  when  the  velocity  of  rotation  is  only 
a  little  inferior  to  the  velocity  of  the  current,  one  vane  approaches 
very  near  to  the  cylinder,  whilst  the  other  recedes,  correspond- 
ingly. This  corresponds  with  what  is  observed  in  practice ;  for 
the  greater  the  velocity  of  rotation  of  a  projectile  in  proportion  to 
its  velocity  of  translation,  the  greater  will  be  the  deviation. 

This  unequal  pressure  on  the  opposite  sides  of  a  revolving 
body  is  explained  upon  the  following  principle  in  regard  to  the 
movement  of  fluids. 

"  When  a  fluid  jet,  endowed  with  a  certain  velocity,  flows  hlto 
a  fluid  mass  of  the  same  kind,  the  pressure  exerted  perpendicular 
to  the  direction  in  which  the  jet  is  moving,  is  less  than  would  be 
exerted  in  that  direction  were  both  fluids  in  a  state  of  rest.'* 

To  demonstrate  this  practically,  force  a  current  of  air  through 
a  tube  near  a  lighted  candle.  "When  the  velocity  of  the  current 
reaches  a  certain  point,  the  flame  will  be  seen  to  approach  the  cur- 
rent, and  as  the  velocity  increases,  it  will  assume  a  position  nearly 
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wndicular  to  tlic  direction  of  tlie  current,  tlitiE  eLowiug  a  de- 
c  of  jiressnre,  whidi  is  etill  furllicr  decreased  by  iiicrtHGilig 
vdo(.'ity  of  the  current. 

Forcing  the  current  againet  an  immovahle  cylinder,  ae  ex- 
lined  above,  the  decreaee  of  preseure  on  both  eides  is  ehown  by 
B  approach  of  the  little  vanes,  but  tlie  iHomcnt  rotation  is  given 
■  the  cylinder,  a  current  of  air  is  carried  around  with  it,  which, 
k  one  side,  inureases  the   veh  city  of  the   impinging  current, 
laini&hiiig  the  pressure,  and  on  tlie  opposite  side  does  exactly 
a  contrary.   All  the  j)henoinena  diown  by  thie  ingenious  inBtnt- 
nt,  are  known  lo  occur  in  the  practical  use  of  spherical  projec- 
t  (not  rifled).    In  rifled  projectiles,  the  same  cause  of  deviation 
e  not  exist  as  in  them,  tlie  axis  of  rotation  reniaining  vlways 
irly  tangent  to  the  trajcctorj-,  the  motion  of  rotation  occurs  in 
I  dircetiou  nearly  perpendicular  to  that  of  translation;  hence, 
■e  pressure  on  all  sides  is  nearly  etjnal,  and  no  deviation  takes 
Tliis,  also,  corresponds  with  practice,  since  the  deviation 
t  dnft  of  rifled  S|>]ierical  balls  is  found  to  be  almost  inapprecia- 
I,  although  in  elongated  projectiles,  to  which  this  explanation 
(Prof,  Magnus  ia  not  applied  by  the  author,  it  is  very  marked. 
Dsirr  in  AongaUd  jtrojeciihs.     Many  explanations  have  been 
L-  with  regard  to  what  is  call  the  drift  (in  French  dSrivation) 
elongated  projectiles,  wliich  is  found  by  direct  experiment 
ways  lo  tJike  place  in  the  same  direction  in  which  the  l>arrel  is 
lliat  is,  looking  towards  the  rnuzzle,  if  the  groove  on  tlie 
ppcr  side  of  the  bore  curves  towards  the  right,  the  projectile  will 
yift  towards  the  right  of  the  observer.     If  the  grooves  curve 
vard  the  left,  the  projectile  drifts  to  that  side. 
It  has  been  proposed  to  rifle  guns  to  the  left  instead  of  to  the 
|iit,  tu  is  now  generally  done,  in  order  to  correct  the  deviation 
frthe  right,  caused  by  the  involuntary'  movement  of  the  marks- 
ii'«  body  when  pulling  the  trigger,  to  which  tlie  drift  was  at 
(attributed;  and  it  appears  reasonable  to  sujipose  tliat  tlus 
Jind  of  rifling  would  make  a  piece  fire  more  accurately. 
Were  tlie  axis  of  the  projectile  to  remain  always  tangent  to 
B  trajectory,  no  deviation  would  occur  ;  since  the  resistance  of 
B  air  acting  always  in  Uie  direction  of  the  tangent,  tlie  preseuro 
tuld  be  equal  on  all  sides,  and  the  only  effect  would  be  to  lessen 
•  nuige.    iJut  the  tendency  of  the  axis  i&  to  remain  parallel  to 
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itself  as  the  ball  moves  througli  the  air,  and  it  really  makes  a 
small  angle  with  the  tangent,  the  point  remaining  above  the  tra- 
jectory, and  the  larger  portion  of  the  ball  below  it. 

The  forward  motion  of  the  ball  causes  a  pressure  of  the  air 
against  it,  which  resists  the  rotary  motion  of  the  lower  part  of 
the  ball  more  than  does  the  more  rarified  air  in  contact  with  the 
upper  part.  The  ball,  yielding  to  the  greater  force,  deviates  to 
the  right,  in  the  case  of  a  ball  rotating  from  left  to  right.  This 
is  M.  Pan6t's  theory  with  regard  to  drift ;  but  the  difference  be- 
tween the  resistance  above  and  below  the  ball  is  supposed  not  to 
be  great  enough  to  cause  the  deviations  observed  in  practice. 

Although  Prof.  Magnus  does  not  apply  the  principle  explained 
on  page  238,  to  account  for  the  drift  observed  in  oblong  rifle 
balls,  and  says  expressly  that  it  is  not  applicable  to  them,  yet 
with  some  extension  it  would  appear  to  account  for  all  the  phe- 
nomena observed. 

The  axis  of  the  projectile  making  always  a  small  angle  with  the 
tangent  to  the  trajectory,  the  points  on  the  surface  of  the  right  half 
have  an  oblique  forward  motion,  which,  adding  to  the  motion  of 
translation,  the  pressure  on  the  right  side  is  greater  than  on 
the  left,  where  the  motion  of  rotation  is  retrograde,  and  in  a 
measure  opposed  to  that  of  translation,  thus  increasing  the  veloc- 
ity of  the  air  along  the  surface,  and  decreasing  the  pressure. 
Under  these  circumstances,  the  projectile  would  yield  to  the 
greater  pressure  and  go  to  the  left,  but  for  the  fact  that  the  cen- 
ter of  gravity  being  nearest  the  front  end,  the  rear  presents  the 
greatest  surface  to  the  action  of  the  pressure,  and  that  part  is 
thro^vn  to  the  left,  whilst  the  point  deviates  to  the  right,  causing 
the  projectile  to  drift  to  the  right.  The  longer  the  range,  the 
greater  will  be  the  drift ;  for  as  soon  as  the  axis  points  to  the 
right,  the  resistance  of  the  air  on  the  loft  side  of  the  point  of  the 
ball  is  increased,  which  will  deviate  the  point  farther  and  farther 
from  the  vertical  plane  of  fire.  This  deviation  is  shown,  by 
all  the  experiments  in  this  country,  to  be  greatest  on  projectiles 
which  are  without  grooves ;  and  although  these  grooves  are  in 
some  countries,  as  England,  rejected  as  useless,  it  is  thought  that 
their  effect  in  diminishing  the  drift  can  be  fully  demonstrated. 

They  were  originally  placed  on  the  projectile  to  act  as  the 
feathers  of  an  arrow,  offering  a  greater  resistance  to  the  action  of 
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B  air  than  &  smooth  surface ;  and  as  the  resiBtance  of  the  air  acts 

K  the  direction  of  the  tangent  to  t!ie  trajectory,  tho  moment  the 

8  of  the  projectile,  from  its  tendeney  to  remain  parallel  to  itself, 

B  to  cuiueidu  with  this  tangent,  the  air  actB  directly  against 

B  little  surfaces  on  one  side,  whilst  on  the  opposite  side  the 

Kistancc  is  correspoudingly  diminished,  and  the  consequence  ia, 

B  axis  is  forced  back  towards  the  tungent. 

Now,  according  to  the  theory  of  Prof.  Magnns,  as  we  hare 

jpplied  it  to  uhlong  balls,  there  is  no  deviation  unless  the  axis  is 

litpie  to  the  tangent ;    and  after  it  becomes  so,  the  deviation 

kcreasc.*  until  these  two   lines   become   perpendicular   to   oaoh 

other,  when  it  is  a  maxin)ium.    The  axis  always  makes  a  small 

angle  witli  the  tangent,  and  as  the  effect  of  the  grooves  is  to  lessen 

Jtid  angle,  the  result  is  a  diminution  in  the  drif^.     Tliis  effect  has 

Kcntly  been  shown  on  a  large  scale  at  the  West  Point  Foundry, 

B  experiments  made  with  a  I2-pd.  iron  field  gnn,  with  the  Rood 

njectilo.     When  made  perfectly  smooth,  the  deviation  to  tlie 

\ght  at  about  3200  yards  was  considerable,  and  was  found  to  bo 

I  by  turning  ujion  the  cylinder  of  the  projectile  two 

MiTee  similar  to  those  used  on  bullets.    The  projectile  weighed 

I  lbs.,  and  an  elevation  of  S°  was  used  for  the  distance,  with 

K  cburge  of  IJ  lb.  of  powder. 

Ill  firing  at  groat  distances,  when  considerable  elevations  are 
,  the  angle  made  by  tlie  axis  with  the  tangent  is  large,  and 
^e  deviation,  by  the  theory,  should  increase,  as  tlie  position 
^  the  projectile  then  approaches  more  nearly  the  posilion  in 
irbich  the  difference  of  pressure  on  tlie  sides  is  a  maximum.  Such 
1  fact  is  found  to  be  tlie  result  in  practice;  the  drift  Ineroasin^ 
jtidty  wttl)  tho  riuige,  and  as  tlie  atigle  of  fall  iucrenses. 
If  the  axis  of  rotation  nf  a  ball  be  perpendicular  to  the  vcrti- 
t  plane  of  fire,  and  both  the  centers  of  figure  and  gravity 
I  this  plane,  tliere  will  be  no  deviation  from  it ;  but  the 
jBEtance  of  the  air  will  have  its  maximum  effect  in  producing 
iriations  in  the  range,  which  will  become  greater  or  less  accord- 
clothe  direction  in  whicli  the  rotation  takes  place.  But  thla 
mditton  of  tilings  is  very  unusual ;  and  the  rotation  which  results 
POm  the  construction  of  tho  ball,  combining  with  that  whicii  it 
toeives  in  the  piece,  makes  tho  position  of  the  axis  very  variable, 
1  produces  tho  greatest  variations  in  the  firing. 
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Tlie  projectile  may  deviate  in  one  direction,  and  then,  the 
rotation  in  that  direction  being  destroj^ed  and  replaced  by  another, 
may  cut  the  plane  of  fire  ai^  deviate  on  the  opposite  side,  de- 
scribing thus,  a  curve  of  double  curvature. 

It  may  happen  also  that,  on  the  descending  branch  of  the 
trajectory,  tlie  axis  of  rotation  may  change  its  direction,  and  the 
ball  be  thrown  back  to  the  same  side  of  the  plane  of  fire  on  which 
it  first  deviated,  as  is  often  observed  in  practice. 

As  the  resistance  of  the  air  is  the  cause  of  the  deviations  in 
shot,  the  more  this  resistance  is  increased  in  proportion  to  the 
weight  of  the  shot,  the  less  accurate  will  the  firing  be ;  for  the 
deviating  force,  acting  upon  the  surface,  remains  tlie  same  for  all 
balls  of  the  same  diameter.  The  resistance  offered  to  a  common 
musket  bullet,  has  been  estimated  at  about  98  times  its  weight ; 
and  if  we  suppose  a  ball  of  the  same  size  but  only  one  half  its 
weight,  the  resistance  which  it  will  experience  will  be  98  x  2=196 
times  its  weight ;  and  the  deviations  of  course  be  much  greater. 

Balls  will,  then,  experience  more  resistance  on  the  part  of  the 
air,  and  deviate  more,  the  smaller  they  become. 

A  bullet  half  the  size  of  the  common  musket-bullet,  will  weigh 
only  i  as  much ;  and  the  resistance  of  the  air  due  to  its  weight 
will  be  98x8=784.  But  the  surface  of  the  small  is  only  J  of 
that  of  the  large  bullet ;  and  the  initial  effect  of  the  resistance 

upon  the  small  bullet  will  be =98  x  2=196. 

All  other  things  being  equal,  then,  the  largest,  most  dense, 
and  most  perfectly-formed  balls  will  be  the  most  accurate  in  tlieir 
fire. 

The  movement  of  rotation  from  above  to  below,  which  the 
ball  usually  receives  in  the  piece,  tends  evidently  to  make  the 
axis  of  rotation  peri)endicular  to  the  plane  of  fire  ;  thus  rendering 
the  fire  more  accurate,  at  least  as  regards  lateral  deviations. 

The  velocity  of  rotation,  being  much  less  than  that  of  transla- 
tion, diminishes  but  slowly  ;  while  the  resistance  of  the  air,  being 
at  least  proportional  to  the  square  of  the  velocity,  diminishes 
rapidly.  Hence,  the  deviating  influence  of  the  motion  of  rotation 
is  greater  near  the  end  of  the  trajectory  than  at  first. 

That  the  velocity  of  rotation  in  projectiles  is  often  very  great,  is 
shown  by  the  fact  that,  after  losing  all  their  velocity  of  transla- 
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bn,  tliey  are  eometimes  eeen  to  roll  on  tlic  surface  of  the  ground  ; 
,  if  any  object  is  iuteqiosod  to  arrest  tlio  rotation,  tliat  motion 
bdefitrofcd,  wholly  or  in  part ;  and  all  tlie  force  inherent  in  the 
ill  is  exerted  to  disengage  it ;  and  it  will  be  tliruwn  to  a  dis- 
ince  Bomctiinea  of  250  yards. 

The  motion  of  rotation  explalna  how  it  is  that  when  two 

Diilar  projectiles  are  tJirown  with  different  velocities  but  under 

e  eaine  angle,  45'  for  instance,  the  one  which  has  the  greatest 

Ddtial  velocity  will  have  only  au  equal  arid  eomedmee  a  less  range 

1  the  other,  if  this  last  hae  a  greater  velocity  of  rotation.    The 

icity  of  rotation  appears  to  increase  in  a  greater  proportion 

tan  the  charge. 

Each  point  of  one  of  these  balls,  revolving  around  an  axis  of 

»tion,  deserilies  a  kind  of  epicycloid ;  and  this  motion  ueces- 

rily  modifies  the  patli  described  by  the  center  of  gravity  of  the 

>11. 

If  the  axis  of  rotation  coincides  with  tlio  tangent  to  the  trajec- 

y  at  every  point,  each  point  on  the  surface  of  tlio  ball  descrihes 

liPpiral ;  the  deviations  mutually  connterbnlance  each  other,  and 

a  liave  a  riflfd  bait  where  the  deviations  are  the  least  po^ble. 

The  eccentricity  in  bulls  and  shells  is  very  slight,  never  reach- 
i  in  the  former  ,",  of  the  radius. 
Fop  a  long  time  the  deviations  obser^-ed  in  shot  were  not 
ribnted  to  this  eccentricity  existing  in  tlie  bodies;  and  when 
t  becauio  known  that  tliis  eccentricity  was  the  cause  of  the  resist- 
o  of  the  air  producing  such  great  deviations  in  the  firing,  every 
B  made  to  make  the  projectiles  as  near  concentric  as  poe- 
0>]e,  with  a  view  to  ineroaaing  the  accuracy  of  fire. 
It  was  not  until  quite  recently  that  this  very  eccentricity  was 
Ae  use  of  to  increase  the  accuracy  and  range  of  projectiles; 
1  it  was  found  tlmt  these  could  even  be  further  increased  by 
tiifying  what  bad  heretofore  been  regarded  aa  tlio  cause  of 
e  evils — (he  distance  between  the  centers  of  gravity  and  figure. 
Exjiunmcnt  demonstrates  that : 

Placing  Uie  eentcr  of  gravity  to  the  right  in  the  bore  of  the 
0  throws  the  shot  to  tlie  rjght ; 
Placing  it  to  the  left  throws  the  shot  to  the  left. 
When  placed  below,  the  range  is  ahvays  shortened,  and  when 
K>ve  always  increased. 
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A  12  pdr.,  with  which  experiments  were  made  at  Metz,  in 
1841,  by  Genl.  Paixhans,  gave,  with  its  ordinary  charge,  shot, 
and  elevation  of  4°,  a  range  of  1,500  yards.  An  eccentric  shot, 
with  a  cavity  on  one  side  large  enough  to  reduce  the  weight  from 
12  to  10  lbs.,  gave,  with  the  center  of  gravity  above,  a  range  of 
1,960  yards,  being  an  increase  of  460  yards ;  a  matter  of  no  small 
importance. 

It  was  found  that,  whilst  firing  in  the  usual  way,  the  mean 
deviation  was  yVV  ^f  ^^^  range ;  it  was  reduced  with  the  eccentric 
shot  to  yf 7 ;  and  that  the  difference  between  the  longest  and 
shortest  ranges  with  the  solid  shot  was  /yVy  5  whilst  that  between 
the  extreme  ranges  of  the  eccentric  shot  was  only  yVA  of  ^^ 
range.  Thus  showing  a  very  decided  improvement  in  the  regu- 
larity of  the  firing,  with  a  diminution  of  2  lbs.  in  the  weight  of 
the  shot.  The  lateral  deviations  are  also  decreased  from  j^fj  of 
the  range  to  t/tt. 

This  discovery  gives  the  means  of  increasing  very  much  the 
accuracy  of  ordinary  firing,  either  at  long  or  short  range.  It 
would  be  very  easy  in  the  arsenals  to  give  to  the  projectile,  in 
fixed  ammunition  for  the  field  service,  the  requisite  position,  and 
to  indicate  on  the  side  of  the  sabot  the  positions  corresponding  to 
long  and  short  range.  So  also  with  any  projectile,  a  simple  mark 
on  the  surface  points  out  to  the  cannoneer,  when  loading,  the 
proper  position  for  his  shot  in  order  to  give  it  the  least  deviation 
and  longest  or  shortest  range. 

"VVTiiH). — ^The  action  of  the  wind  on  the  projectile  is  another 
cause  of  inaccuracy  in  firing,  and  produces  a  greater  effect  as  the 
projectile  increases  in  size  and  decreases  in  density.  Thus  mortar 
shells  deviate  more  than  those  from  howitzers,  and  these  more 
than  solid  shot. 

With  elongated  projectiles  the  wind  has  a  greater  surface  to 
act  on,  and  produces  a  greater  effect  than  on  spherical  balls, 
though  sometimes  in  an  opposite  direction.  Elongated  projec- 
tiles are  sometimes  found  to  work  vp  towards  a  wind  instead  of 
being  driven  off  by  it.  This  is  due  to  the  fact  that  the  part  of 
the  ball  behind,  being  the  lightest^  is  most  easily  acted  on,  and 
being  thrown  away  from  the  wind,  the  point  is  thrown  in  the 
opposite  direction  giving  a  deviation  towards  the  wind. 

The  deviations  arising  from  the  action  of  the  wind  are  very 
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variable,  and  no  rules  can  be  laid  down  for  correcting  them. 
Practice  and  close  obaervation  of  the  results  of  firing  are  the  only 
XJtives. 

I  The  effect  prodnced  on  the  ball  is  greater  or  less,  according  to 
1  force  and  direction  of  tlie  wind.  If  it  acta  uniformly  and 
towfl  perpendicular  to  the  plane  of  fire,  the  effect  produced  may 
^assimilated  to  that  of  a  constant  accelerating  force,  and  the 
Hoctory  becomes  a  curve  of  double  curvature,  wbose  horizontal 
Injection  is  convex  towards  the  wind,  and  the  deviations  will 
I  a  greater  proportion  than  the  ranges.  TVitb  email 
ms,  the  deviations  are  further  increased  by  the  action  of  the 
Ind  tending  to  tbrow  aside  the  muzzle  of  the  piece,  espe- 
llly  when  tJie  trigger  is  pressed  against. 

I  Supposing  the  wind  very  strong  (say  CO  feet  a  secoud),  and 
bwing  perpendicular  to  the  plane  of  fire,  experiments  show  that 
mg  at  160  yards  tlie  musket  must  be  pointed  on  the  side  of  the 
md  about  11  inches,  Tlie  deviations  increase  very  nearly  as  the 
I  of  the  distance,  so  that  the  deviation  at  320  yards  is 
Kx  4=44  inches,  about. 

I  Tlie  boll  is  not  only  thrown  to  one  side  by  the  action  of  the 

Bid,  but  it  may  be  raised  or  lowered  according  as  the  wind  acta 

)  beiieatli  or  on  top. 

"When  mortar  ahelle  are  thrown  to  a  very  great  height,  they 

by  meet  currents  uf  air  which  will  carry  them  in  an  opposite 

■ctiou  to  those  near  the  surface  of  the  earth,  and  the  sliells  are 

1  to  wind  about  in  obedience  to  tliefio  currents, 

OniKK  Caubkh. — Tlio  inequalitiee  of  the  ground  between  the 

Iject  and   the  marksman  deceive  bis  view,  and  diminish   the 

a  of  hitting. 

[  When  ilio  inclination  of  the  line  of  sight  is  very  great,  and 
ft  object  within  tlie  point-blank,  it  becomes  necessary  to  sight 
r  the  object,  in  which  case  the  line  of  sight  will  meet  the 
mud  in  front  of  it.  It  is  difficult  tu  eolect  tlie  particular  point 
IboKliucd  at,  cspuciully  if  the  ground  is  broken.  Experiment 
ws  tliat  flnng  from  one  point  at  an  object  above,  is  more  exact 
r  than  in  firing  downwards. 

'  AVbcn  a  moving  object  is  firod  at,  the  line  of  sight  must  bo 

directed  upon  the  point  where  it  ia  preanmed  tlie  object  will  be 
when  the  ball  has  passed  over  tbo  distance  between  the  piece  and 
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the  object.  For  instance,  a  horseman  moving  at  a  gallop  (6.66 
yards  per  second),  perpendicular  to  the  plane  of  fire  and  at  a 
distance  of  160  yards,  advances  3.33  yards  during  the  half  second 
that  the  bullet  is  passing  over  the  160  yards.  The  length  of  a 
horse  being  about  10  feet  (3.3  yards),  it  is  necessary,  in  order  to 
be  sure  of  striking  him,  to  sight  1  or  IJ  yards  in  front  of  his 
head. 

TfiB  MA.BK9:iCA.N. — ^The  greatest  obstacle  to  precision  in  firing 
small  arms,  is  the  recoil  of  the  piece ;  the  soldier  frequently,  after 
having  sighted  well,  loses  the  direction  by  the  quick  movement 
he  imparts  to  the  piece  by  pressing  against  the  trigger.  As  has 
been  already  stated,  the  recoil  does  not  sensibly  effect  the  direc- 
tion of  the  shot.  The  deviations  therefore  which  result  from  this 
cause,  must  be  attributed  to  the  unskillfulness  of  the  marksman. 
The  principle  object  of  instruction  is,  to  habituate  the  soldier  to 
being  surprised  by  the  explosion,  by  pressing  gradually  upon  the 
trigger. 

He  is  first  taught  to  sight  by  placing  his  piece  on  a  rest,  as  a 
wooden  horse  or  bag  of  earth,  which  gives  him  sufficient  steadi- 
ness to  enable  the  instructor  to  verify  and  correct  the  pointing. 
The  visual  ray  should  just  graze  the  rear  sight ;  by  placing  the 
eye  too  high,  the  angle  of  sight  is  increased,  and  the  shot  goes 
too  far. 

9 

The  men  should  be  taught  the  mechanism  and  object  of  the 
hausse,  and  be  instructed  to  hold  their  arms  squarely,  with  the 
hausse  vertical.  K  the  piece  is  held  so  that  the  hausse  is  inclined, 
say  to  the  right,  the  line  of  sight  is  thrown  on  that  side,  and  be- 
comes so  much  the  more  faulty  as  the  elevation  at  which  the 
piece  is  fired  increases.  Tlie  shot  will  fall  on  that  side  towards 
which  the  piece  is  inclined,  that  is,  in  the  case  supposed,  to  the 
right.  For  the  manner  of  calculating  the  effects  of  this  error, 
see  p.  235. 

The  men  are  also  taught  to  take  the  easiest  and  most  stable 
positions,  either  standing  or  kneeling ;  to  sight  and  fire  with 
blank  cartridges,  preserving  inmiovable  both  the  body  and  the 
piece. 

To  habituate  the  men  to  press  gradually  on  the  trigger,  they 
are  made  to  fire  caps  at  a  lighted  candle,  placed  about  3  inches 
from  the  piece.    K  the  piece  is  directed  properly,  the  jet  of  gas 
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idiiced  by  the  cap  vfil\  extingiueli  the  candle.  After  tliie,  ttey 
Diild  be  made  to  fire  blank  cartridges. 
Distances. — ^Tle  cfltimation  of  distances  la  a  very  important 
part  of  tbo  instrnetion  for  officers,  as  they  will  direct  so  much  the 
better  the  fire  of  the  men  thoy  co;iimand,  when  they  are  wull 
Eercixixl  in  moaearlng  distances  at  a  glance.  This  knowledge  is 
Igreat  advaTitage  to  tbem  in  mameavring  troops,  as  well  as  in 
Q  of  war.  Soldiers  thrown  out  as  skirmishers,  will  have  a 
reat  advantage  over  an  enemy  if  they  know  how  to  estimate 
tttanceo  with  precision,  for  their  fire  will  then  be  much  more 
)CQratc  and  efficacious. 

Fkescii  Schools  of  Practice. — Tn  France,  each  regiment  of 
biantry  has  a  school  of  practice  established  under  the  direction 
|th«  Lieut.  Col.  A  captain  is  especially  detailed  as  instructor 
t  the  iinng,  and  is  assisted  by  a  subaltern  from  each  battalion, 
loh  company  has  a  sergeant  as  the  instructor  of  tlie  firing,  and 
i  nndor-instructor. 

Records  of  the  firing  are  kept  in  each  battalion,  which  are 

ISpvctcd  by  tbo  Lt.  Col.,  who  also  presides  at  a  monthly  confer* 

D  Kt  which  the  chiefs  of  battalions  and  captains  are  present. 

t  th«c  meetings,  such  portions  of  the  instruction  as  are  indi- 

i  by  the  colonel,  are  discussed. 

The  captain  instructor  gives  theoretical  instruction  to  the 
subalterns. 

Tlio  euhaltern  iustructora  instruct  the  non-com  missioned  offi- 

Pre  of  their  battalions,  the  non-commissioned  instructors  and 
air  assistant's  and  have  chargo  of  the  firing  records,  and  under 
B  saperintendeuco  of  the  captain  instrnctor,  and  the  chief  of 
Bir  battalion. 
The  non  commissioned  instructors  have  charge  of  the  training 
the  recrultB. 
The  liwutcnanl  of  the  armament  has  charge  of  the  preservation 
and  distribntion  of  the  ammunition,  and  keeping  the  materials  in 
IWIBpair. 

j^^L  If  schooU  of  practice  for  our  infantry  regiments  could  beestab- 
^^■•hed  on  some  such  basis  at  one  or  two  of  tlte  large  western  [)osts, 
j^^ow  almost  abandoned,  tho  reenlts  to  that  arm  of  the  service  would 
'      be  most  beneficial.  " 
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CHAPTER    VIII. 


PRACTICE  OF  FIRE. 


In  the  fire  of  any  kind  of  ann,  the  probability  of  striking  a 
mark  is  so  much  the  greater  as  the  caliber  increases,  as  the  trajec- 
tory is  less  inflected,  and  as  the  dimensions  of  the  object  fired  at 
exceed  the  extent  of  the  variations  observed  in  several  snccessiye 
shots,  fired  as  nearly  as  possible  under  the  same  circumstances. 
Wlien  the  difference  between  these  variations  exceeds  the  dimen- 
sions of  the  object,  the  probability  of  striking  it  becomes  very 
slight. 

Two  kinds  of  variations  occur,— one  laterally ;  the  other  in  the 
direction  of  the  range.  Tlie  last  is  of  the  most  importance,  for 
the  object  generally  is  to  strike  within  limits  extending  horizon- 
tally more  than  vertically.  The  limits  in  the  last  direction  being 
5  feet  5  inches,  or  8  feet  4  inches,  according  as  the  fire  is  against 
foot  troops  or  cavalry. 

As  the  angle  of  fire  increases,  the  variations  in  range  become 
less  and  less  up  to  the  angle  of  greatest  range,  at  which  the  vari- 
ations are  the  least  possible,  for  the  kind  of  piece  and  charge 
used.  Therefore,  the  angle  of  greatest  range  is  the  most  advan- 
tageous in  practice,  when  the  object  is  to  plant  the  greatest  num- 
ber of  balls  within  a  given  space. 

Tlie  angle  of  greatest  range  would  be  in  vacuo  45°.  Prac- 
tically, it  is  a  little  less  when  firing  mortars,  but  with  larger  pieces 
it  is  between  28°  and  35°. 

The  fire  of  the  ordinary  musket  is  uncertain  beyond  200  yards, 
the  variations  in  height,  from  one  shot  to  another,  at  that  dis- 
tance, often  exceed  one  or  one  and  a  half  yards.  But  when  troops 
are  in  compact  masses,  the  fire  is  still  very  effective  beyond  that 
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distunce.  At  650  ynnls  tbe  niiiBbet  tall  is  Btill  deadly,  and  in- 
Btaiicf^s  have  been  known  vrliere  men  have  been  killed  or  wonnded 
at  greater  distaneen.  In  general,  tlie  infantry  noldier,  in  the  ex- 
citement of  battle,  does  not  make  full  nsc  of  the  accuracy  of  fire 
of  lits  arm,  which  has  led  some  to  think  there  is  no  great  advan- 
tage in  perfecting  the  accuracy  of  lire,  of  arms  intended  for  tlie 
nse  of  the  mass  of  troops.  But  this  is  evidently  a  mistake,  since 
ont  of  a  number  of  shota  fired  from  any  two  pieces,  that  one 

ich  is  the  most  accurate,  will  have  the  greatest  number  effee- 
So  long  as  the  fact  remains  of  the  great  disparity  between 

number  of  halls  expended  and  the  number  which  provea  effec- 
tive, it  is  uscleee  to  give  tbe  men  the  means  of  firing  a  greater 
number  of  balls  in  a  given  time.  It  is,  therefore,  not  advisable 
to  arm  our  infantry  with  breech-loading  arms,  whicli,  enabling 
them  to  expend  the  limited  amount  of  ammunition  carried  on  the 
peraon,  iu  one  third  or  one  fourtli  the  usual  time,  leaves  them 
dcstitate  ])erbaps  at  the  most  critical  moment.  The  best  position 
for  fuch  an  arm  is  in  the  hands  of  superior  marksmen,  detached  as 
light  infantrj',  or  in  deliberate  firing  from  behind  obstacles  of 
of  eome  kind. 

Tlio  effective  range  of  tbe  rifled  spherical  hall,  is  over  400 
yards.     Tlie  oblong  rifle  ball  is  effective  at  1000  yards;  but  these  ■ 
anoe  exhibit  their  marked  superiority  when  used  by  isolated 
marksmen. 

Cavalry  fire  is  generally  of  but  little  effect;  tliongh  some 
oxunplee  of  its  efficiency  have  been  exhibited,  especially  daring 
the  Peninsular  war. 

SouD  Shot. — Ucyond  the  limit  of  distinct  vision,  all  fires  be- 
come inexact ;  and  infantry  should  not  be  fired  at  beyond  1000 
Tap^s,  nor  cavalry  beyond  1200,  unless  the  groimd  is  suitable  for 
ricochet  firing,  and  the  enemy's  troops  are  In  dense  itiassca. 

Tlic  precise  effect  of  a  single  ball  cannot  be  accurately  stated. 
Cases  am  citi^  where  thirty  or  forty  men  have  been  disabled  by 
a  single  shot ;  but  it  is  laid  down  as  a  principle,  that  a  6  or  19 

ind  ball  will  go  tliroiigh  six  men  at  SO  yards*  distance. 

As  the  difitauce  decreases,  the  12-poundcT  loses  eome  of  ils  ad- 

itage  over  the  fi-pounder ;  but  it  js  always  superior  in  its  fire, 
experiments  show  that  the  larger  caliber  may  compensate, 

its  greater  accuracy,  for  tlic  lees  number  of  its  shots. 
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On  Lard,  dry  ground,  the  rolling  is  better  than  the  direct  fire, 
at  very  great  distances,  as,  tlien,  the  shot. bounds  along  the  ground, 
striking  objects  at  a  number  of  points  on  its  trajectory.  On  fa- 
vorable ground,  solid  shot  from  field  guns  will  range  as  high  as 
IGOO  or  1800  yds.  The  probability  of  striking  an  object  is  the 
greatest  possible  at  600  yards,  at  which  distance  f  or  ^  of  the 
balls  will  carry.  At  800  yards,  the  chance  of  striking  an  object 
is  reduced  to  ^  or  \. 

If  a  ball,  moving  with  great  velocity,  goes  through  an  object 
which  ofl^ers  little  resistance,  it  does  not  displace  it,  and  will  make 
but  a  small  hole  ;  but  if  the  ball  has  but  little  velocity,  it  splits 
and  scatters  the  object  into  splinters. 

A  ball,  passing  through  any  of  the  fir-woods,  makes  a  clean 
round  hole,  while  oak  is  splintered  and  broken  to  a  more  or  less 
extent.  In  this  respect  the  fonner  is,  then,  preferable  to  oak  in 
positions  exposed  to  the  fire  of  artillery. 

Solid  shot  is  of  very  little  effect  upon  earthen  parapets,  unless 
it  passes  through,  in  which  case  it  soon  knocks  them  down.  At 
600  yards,  shot  from  field-guns  will  penetrate  from  5  to  6.}  feet 
into  newly  thrown-up  earth.  Siege-guns  will  penetrate  with  their 
shot  double  this  distance. 

Shells,  although  less  accurate  than  solid  shot,  produce  a 
greater  moral  effect  by  their  noise  and  force  of  explosion.  They 
are,  therefore,  to  be  preferred  in  firing  against  cavalry,  and  are 
used  also  to  reach  troops  masked  by  broken  ground,  or  works, 
and  to  set  fire  to  block-houses  or  villages,  held  by  an  enemy,  and 
in  general,  against  any  wooden  structure,  which  they  break  up 
and  set  fire  to. 

Tlie  large  8-in.  and  10-in.  howitzer-shells  are  very  destructive 
either  by  destroying  or  setting  fire  to  the  shelters  of  an  enemy,  or 
by  destroying  the  parapets  and  traverses  of  his  batteries,  the  shells 
acting,  in  their  explosion,  like  small  mines. 

When  a  shell  is  burst  while  stationary,  the  pieces  arc  dispersed 
in  almost  every  direction,  with  more  or  less  fc  rce,  according  to 
the  resistance  offered  by  the  sides.  But  if  it  is  in  motion,  those 
parts  of  it  in  front  will  move  forward  with  an  increased,  and 
those  in  rear  with  a  decreased  velocity  ;  and  in  case  the  shell  is 
moving  at  the  time  with  very  little  velocity,  this  may  be  entirely 
overcome  for  the  rear  parts  by  the  explosion,  and  they  may  drop 
at  once  to  the  ground,  or  even  be  thrown  backwards. 


DISTANCE?.— STADIA. 


261 


In  forming  A  good  marksman  with  any  arm,  the  first,  and  one 
Vthe  most  important  stops  is  to  instruot  bim  how  to  estimate  dis- 
Proficiency  in  thiB  can  he  obtaiued  only  by  constaat 

The  men  should  bo  first  tanght  to  measure  distaacee  by  the 
■■,  III  which  they  should  be  practiced  until  they  learn,  in  pacing 
t  •  ditttunce,  to  take  a  uniform  step  of  a  yard. 

In  order  to  estimate  distances  hy  the  eye,  spaces  are  measured 
^  and  men  are  placed  at  points  along  tlie  line  to  show  their  dif- 
pcnt  appearance  at  the  different  distances.  For  this  pnrjiose 
B  ground  should  he  level ;  persons  are  then  stationed  at  differ- 
loints,  and  the  men  made  to  estimate  the  distances  to  them. 
be  distances  arc  then  paced,  and,  finally,  measured.  In  these 
Werent  operations  the  men  are  made  to  notice  tlie  different  parts 
r  the  body  and  equipments,  which  become  indistinct  as  the  pei^ 
ived  farther  off.  On  a  clear  day,  and  with  ordinary  sight, 
t  from  IflO  to  2W  yards,  every  part  of  a  man's  body  can  he  seen ; 
tind,  although  the  details  of  dress  and  figure  begin  to  grow  indis- 
tinct, the  grades  of  the  officers  can  be  recognized  at  these  distances, 
rom  400  to  480  yards,  the  face  can  no  longer  be  distinguished, 
Bt  tlic  head,  body,  arms  and  movements,  as  well  as  the  unifomia 
■d  mi)Kket«,  can. 

i  At  8()0  yards,  the  head  and  upper  and  lower  parts  of  the  body 
I  be  made  out ;  and  of  the  uniform,  the  accoutermeuts  and 
Srite  pantaloons  only  can  ho  seen. 

From  750  to  800  yards,  the  body  appears  of  an  elongated  form. 
Ktended  arms  can  be  seen  in  profile,  as  also  the  legs  of  men  in 
lotion.  The  uniform  can  no  longer  be  dietingnished  at  900 
jbpIb;  hnt  the  files  can  still  be  seen,  as  well  as  the  movement 
of  troops,  and  the  duat  thrown  up  by  a  projectile  ricocheting  on 
dry  groDnd.  From  1100  to  1200  yards,  the  files  can  scarcely  be 
'ttingiiiHhi-<],  and  the  tnKipa  appear  like  solid  masses,  the  move- 
nU  of  which  can  still  be  followed. 

'  SriniA.  A  very  tum)>l(!  aid  in  estimating  distances,  consists  of 
mall  stick,  held  wrtically  in  thu  hand  at  arm's  length,  and 
Inging  the  top  of  a  man's  head  in  line  with  the  top  of  the  stick, 
ting  where  a  line  from  the  eye  of  the  observer  to  the  feet  of 
A  man  cnta  the  stick,  or  gtMiia,  as  it  is  called  in  France. 
I  To  graduate  the  stadia,  a  man  of  the  ordinary  height  of  a  foot- 
Idier,  *ay  5  ft.  8  in.,  is  placed  at  a  known  distance,  say  50 
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yards ;  and  the  distance  on  the  stick  covered  by  him  when  it  is 
held  at  arm's  length  is  marked  and  divided  into  8  equal  parts. 
If  the  distance  is  now  increased,  until  the  man  covers  only  one  of 
these  divisions,  we  know  he  is  at  a  distance  equal  to  50  yds.  x  8 
=  400  yards.  This  instrument  is  not  very  accurate,  except  for 
short  distances. 

A  much  more  accurate  stadia  is  constructed  by  making  use 
of  a  metal  plate,  having  a  slit  in  it  in  the 
form  of  an  isosceles  triangle,  the  base  of 
which,  held  at  a  certain  distance  from 
the  edge,  subtends  a  man,  (5  ft.  8  in.)  say 
at  the  distance  of  100  yards.  A  slider, 
a  J,  Fig.  160,  moves  along  the  triangle, 
being  always  parallel  to  the  base,  A  B,  and  the  length  of  it  com- 
prised between  the  two  sides  of  the  triangle,  represents  the 
height  of  men  at  different  distances,  which  are  marked  in  yards 
on  the  side  of  the  triangle,  above  or  below,  according  as  the  object 
looked  at  is  a  foot  or  horseman.  In  order  to  keep  the  stadia 
always  at  the  same  distance  from  the  eye,  a  string  is  attached  to 
the  slider,  the  opposite  end  having  a  knot  tied  in  it,  which  is  held 
between  the  teeth  while  using  the  instrument,  which  is  held  in 
the  right  hand,  the  slider  being  moved  with  the  left-hand  finger. 
The  string  should  always  be  kept  stretched  when  the  instrument 
is  used,  and  the  line  AB  in  a  vertical  position. 

It  may  be  graduated,  either  experimentally,  by  noting  the 
positions  in  which  the  slider  ah  represents  the  apparent  height  of 
a  man,  at  different  known  distances ;  or  it  may  be  graduated  by 
calculation,  as  follows : 

Calling  the  base  of  the  triangle  A  B  C,  J,  and  the  height  A, 
the  distance  of  the  stadia  from  the  eye  rf,  and  the  distance  to  the 
object  whose  apparent  height  is  J,  D, 
H,  the  real  height  of  the  object,  a?  the 
graduation  corresponding  to  any  other 
distance  D',  and  i'  the  base  of  the  tri-  ^^ 
angle  a  Ch  (Fig.  160),  whose  height  is 

h—Xy  the  similar  triangles  A  O  B,  and     ^ d-- 

F  O  G  (Fig.  161),  will  give  the  propor-  ^ig.  lei. 


tion  d:b  : :  J)  :  ITy  and  consequently  d  = 


TRAJECTORT. 


In  tlie  triunglcs  a  Olmi  KO  I,  Figs.  ICl,  we  lia 


d:b-::D  :II&ndd~ 


h'D. 


Hence,  hD~bD' 


The  triangles  A  C  B  and  a  C  h.  Fig.  100,  give 


(2) 
Combining  eqaatious  1  and  S,  eliminating  I',  and  deducing 
the  value  of  aj,  we  bave  a:=- 


_h(J)-D) 


Wlien  x=Oi  we  have  h=y,  and  consequently  D=D'.     Fro 


Ji> 


<///, 


■tile  cqnation  d=-ff  the  value  of  J  Ja  found=  — _-  which  Is  the 

'equation  of  tlie  ordinary  stadia.    It  gives  J}=-j~  ,  d  being  the 

lenfitii  uf  the  cord,  If  the  height  of  the  object,  and  h  that  of  the 
stadia  scalo, 

TituKtTOitv, — Very  little  was  known  in  early  times  of  the 

fonn  of  tlie  path  described  by  a  projectile  moving  tlirongh  the 

»ir ;  it  being  supposed  by  Konie  a  coin]>oHnd  curve,  and  bj  others 

a  parabola  with  a  vertical  axis ;  and  these  errors  continued  nntil 

Sir  Isaac  Kewton,  towards  1723,  denmnstrated  the  modifications 

r  prodticed  by  tlie  resistance  of  the  air,  which  ho  estimated  was 

vportional  to  the  sqnareof  the  vtlocity ;  and  BcnjaDiin  Kobins, 

a  inventor  of  the  ballistic  pendulum,  showed  uont-lueively  that 

0  nsi«tanoe  of  tlie  air  could  not  be  neglected  in  computing  the 

raj«etory,  by  proving  the  range  iu  vacuo  many  times  greater 

n  that  in  the  air. 

In  a  trajectory,  tlio  first  or  ascending  branch  A  B,  is  of  less 

and  less  curvature  tlie  nearer  we  approach  the  piece,  and  the 

greater  the  velocity.    The  pouit  j?,  Fig.  102,  where  tlie  projectile 

is   at  its  greatest  elevation,  is  called  the 

evlmiiuiting 2>oint.  Tlic  descending  branch 

B  C  becomes  constantly  straightcr,  and 

approaches  more  nearly  the  vertical  as  the 

projectile  is   lighter  and  loeee  more  of  itA 

,^ velocity  by  the  resistance  of  the  air.     On 

■lioiuoatal  ground  the  descending  branch  is  always  the  sliortest. 
lleBrtjf/d^'/fre  is  the  angle  T  A  C,  which  the  axis  makes  with 


Fl«.l«. 
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x:j:  horizontal.  TVlien  the  gnu  and  point  of  fall  are  on  the  same 
l-;v<:l,  thia  angle  is  lc*5S  than  the  angU  of  falL  which  is  the  angle 
B  C  A  made  by  the  tangent  to  the  trajectorr  with  the  ground  at 
the  point  of  fall. 

As  the  weight  of  a  projectile  increases,  and  its  velocity  de- 
creases, the  resistance  of  the  air  decreases,  the  curve  described 
becomes  more  like  a  parabola,  and  the  angU  of  fall  becomes  more 
nearly  eqoal  to  the  angle  of  fire. 

Ricochets. — When  the  angle  of  fall  is  small  enough,  the  pro- 
jectile rises  and  continues  to  move  on,  forming  a  series  of  bounds 
or  ricochets,  increasing  in  number  as  the  angle  of  incidence  de- 
creases, the  velocity  increases,  and  the  ground  is  more  elastic  and 
resisting.  The  projectile  will  ricochet  under  a  greater  angle  on 
a  hard  resisting  soil,  tlian  it  will  on  a  soft  one.  A  ricocheting 
ball  makes  a  furrow  in  the  ground,  and  each  time  the  angle  under 
which  it  leaves  the  ground  is  greater,  than  that  under  which  it 
enters  it ;  for,  having  lost  a  portion  of  its  velocity  in  passing  over 
the  first  part  of  the  curve,  it  has  no  longer  the  same  power  to 
overcome  resistance,  and  must  pass  out  by  a  shorter  path  than 
the  one  it  followed  in  entering,  and  consequently  the  angle  is 
increased,  which  causes  the  more  or  less  rapid  extinction  of  the 
ricochets. 

An  incompressible  surface,  like  water,  is  still  more  favorable 
for  ricochets  than  ground,  and  is  attended,  besides,  with  less  loss 
of  velocity.  If  the  angle  of  incidence  is  too  great,  the  ball  buries 
itself  in  the  ground,  inclining  to  the  side  on  which  it  meets  with 
least  resistance. 

The  kind  of  fire  varies  with  the  ground  and  the  object  to  be 
attained. 

A  direct  fire  is  one  in  which  the  projectile  strikes  the  mark 
without  touching  the  intermediate  ground.  This  tire  is  generally 
used  with  guna, 

A  grazing  fire  is  where  the  ball,  rising  but  slightly  from  the 
ground,  and  striking  it  under  a  small  angle,  makes,  at  the  end  of 
its  flight,  a  large  number  of  ricochets.  In  such  a  fire,  the  ball 
should  not  strike  the  ground  under  a  greater  angle  than  10°. 

K  plunging  fire  is  where  a  ball,  striking  under  a  large  angle, 
buries  itself  in  the  ground,  losing  its  velocity  entirely,  or  making 
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Illy  a  few  ricocliets.     The  least  angle  under  wliich  this  takes 
B  ie  ahout  10". 

A  horisonUd,  paraUel,  or  rolling  fire,  is  one  in  wliieli  the  axia 
r  field  pieces  is  placed  horizontal  or  parallel  to  the  ground.  In 
Els  caee,  ttie  line  of  Eii;;ht  Etrikes  the  {^iind  about  75  yards  in 
font  of  the  pieee,  and  the  hall  meeting  it  under  «  very  small  an- 
le,  describca  a  number  of  low  bounds  or  ricocbete.  This  kiud  of 
B  is  more  efficient  in  etrildng  a  remote  line  than  tlie  direct  fire, 
•  the  ball  in  the  latter,  rising  higher,  can  strike  an  enemy  in 
aly  a  verj'  small  sefrtneiit  of  its  path.  For  the  horizontal  fire, 
wever,  a  very  liftrd.  firm,  and  level  ground  is  reynired,  such  m 
k  very  seldom  met  with  on  a  field  of  battle. 

A  rioochft  fire  is  ueed  to  strike  an  enemy  concealed  behind  an 
tacle,  and  to  break  up  the  ground  he  occupieB,  by  the  euccee- 
kc  ricocliets  of  the  ehot.  It  is  used,  especially  in  sieges,  in  Sank 
\  rever«o  fires,  to  destroy  the  defenses  of  the  besieged,  and  diB- 
lount  his  guns.  The  ball  having  grazed  the  interior  crest  of  the 
rapet  adjoining  the  face  to  be  destroyed,  falls  upon  the  terre- 
u  and  ricochets  along  it. 

The  angU  of  arrival  is  tbe  angle  which  the  tangent  to  the 

lajectury  makes  with  the  horizontal  at  tbe  interior  crest ;  whilo  the 

tgU  of  fall  is  the  angle  which  the  tangent  makes  at  tbe  point  ot' 

"1  with  the  terre-pleiii.     The  size  of  thia  angle  will  determine 

i>  kind  of  ricochet.     It  will  be  ^asing  if  the  angle  is  4   or  leso 

A  plunging  when  it  is  comprised  between  C'  and  10°. 

Small  projectiles  seldom  ricochet  under  angles  so  large  as  from 

^  to  S^,     I.arge  slielle  ricochet  under  larger  angles  than  large  shot. 

Designating,  Fig.  Ifl.%  by  If  the 

tfgbt  of  the  interior  crest  above 

!  terre-plein,  we  shall  have  the 

^nation, — ^Tlie  distance  wtucb  tlie 

ill  itrikea  inside  the  interior  crest  I 


Ung  thti  angle  of  fall.     This  distance  being  fixed,  the  kind  of 
fchct  becomca  known. 

At  groat  distances,  either  can  be  employed,  but  the  grazing  is 
Dunilly  u»cd  as  more  efficacious ;  though  the  trajectory  must 
Lri»  certain  degree  of  curvature,  otherwise  many  of  the  shot 
f  passing  over  the  work. 
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As  the  projectile  should  strike  the  terre-plein  as  near  as  possi- 
ble to  the  interior  crest,  it  should  pass  over  this  on  the  descend- 
ing branch  of  its  trajectory;  otherwise,  continuing  to  rise,  it  would 
pass  over  the  work  entirely,  or  partly,  and  strike  objects  only  on 
a  small  segment  of  its  path,  so  that  at  very  short  distances  a  more 
inflected  curve  is  necessary. 

Upon  terre-pleins  the  limit  of  ricochets  seldom  exceeds  10^ 
unless  the  ground  is  very  dry  and  hard.  A  ball  will  ricochet 
better  in  dry  summer  weather  than  in  wet. 

In  grazing  ricochets,  the  ball  is  given  a  great  velocity,  and 
the  curves  described  are  long  and  flat.  In  plunging  ricochets 
the  contrary  is  the  case. 

Solid  shot,  acting  by  their  force  of  percussion  alone,  are  not 
very  effective  when  they  have  but  little  velocity.  GunSy  there- 
fore, should  not  be  employed  under  200  yards,  as  it  would  be 
necessary  to  decrease  the  charges  too  much  for  ricochet  firing. 
Howitzers  can  be  used  advantageously  at  the  shortest  distances ; 
the  size  of  the  shells  and  their  force  of  explosion  supplying  their 
want  of  velocity. 

The  ricochet  firing  with  field  pieces  differs  but  little  from  a 
rolling  fire ;  when  this  fire  is  used  against  works,  it  resembles 
that  used  in  tlie  attack  of  fortifications. 

The^r^  of  greatest  range^  is  that  obtained  by  giving  the  piece 
the  greatest  elevation  it  can  take  on  its  carriage,  and  employing 
the  largest  charge  used  for  that  caliber ;  but  as  this  kind  of  fire 
is  very  injurious  to  the  carriage,  and  often  breaks  it,  it  is 
employed  only  in  testing. 

UorizorUal  fires^  are  those  in  which  the  axis  of  the  piece  has 
small  angles  of  elevation.  Verti<:al  fires^  are  those  where  the 
angle  is  very  great,  as  in  mortars. 

The  rules  of  fire  for  ordnance  which  fires  horizontally,  results 
from  the  knowledge  of  the  mean,  trajectory^  which,  like  the  mean 
trajectory  of  the  musket,  comprises  all  the  causes  of  error  which 
can  modify  the  fire;  but  the  trajectory  of  artillery  projectiles 
being  more  constant  in  its  form,  the  results  are  more  aecurate,^.a 
conseciuence  of  the  fact  that  as  the  caliber  of  the  arm  increases, 
each  particular  trajectory  approaches  more  nearly  the  mean 
trajectory. 

When  canister  is  fired,  the  balls,  having  broken  the  case, 
escape  in  the  form  of  a  cone,  and  striking  against  each  other,  and 
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ngftinst  the  udee  of  tlic  piece,  diverge  more  or  lese  according  to 
edlstaoce;  but  tLc  greater  part  of  the  balls  are  found  to  be 
nr  tlie  center,  and  the  rules  of  fire  are  still  ba£ed  upon  the 
Bowledge  of  the  mean  trajectory. 

For  -eertioal  fires,  the  rules  are  haeed  upon  the  knowledge  of 
B  mean  range,  and  the  relation  which  can  be  cetabUshed  between 
argoa  and  the  corresponding  rangefl. 
The  ranges  of  pietes  of  the  same  caliber,  fired  under  the  same 
iBgle  and  with  tlie  eame  charge,  will  be  difiereut  from  various 
Hiusce,  among  which  are, — 

The  different  diameters  of  the  bore  and  vent,  from  the  widen- 
ing of  these  parts. 

The  difference  in  the  diameter  and  weight  of  the  projectiles. 
The  difference  in  Uie  quality  of  the  powder,  and  e8]>eoiallj  in 
iu  hygromotric  stale,  and  the  manner  ia  which  it  infiames  and 
communicates  motion  to  the  projectile. 

The  thermometric,  barometric,  and  liygronietric  state  of  the 
air ;  a  variation  in  tlie  temperature  and  pressure,  increasing  or 
dimimshing  sensibly  the  range. 

The  vibrations  of  the  piece  and  the  projectiles,  especially  when 
e  latter  are  hollow,  are  not  without  tlieir  influence,  particularly 
^cn  tlte  piece  is  formed  of  a  tliin  and  elastic  tube ;  and  it  is  from 
t  last  reason  that  pieces  whose  recoil  has  been  almost  entirely 
ivcntod,  fire  li%B  accurately  than  those  which  arc  allowed  to 
icoil  freely.  The  vibrations  are  so  much  tlie  more  violent  as  the 
large  and  Icngtti  of  piece  are  increased;  and  experiment  proves 
niufrkct  tires  less  accurately  when  solidly  fixed,  than  when 
1  from  the  stiouldcr. 

LoAnmo. — TIic  manner  of  loading  the  different  kinds  of  pieces 
Wng  given  in  the  tactii-s,  it  will  be  necessarj-  here,  fiimi)ly  to  lay 
H-n  some  general  principles. 
In  long  pieces,  the  vent  should  always  be  kept  carefully  closed, 
B  the  loading  is  going  on,  especially  when  sponging,  to  pre- 
int  the  current  of  air  from  passing  out  and  collecting  there 
B  of  thread,  paper,  i&c,  from  the  cartridge  bag,  which  would 
1  fire  iu  the  gun,  and  causu  premature  exp!osi«n  the  next 
t  pin  was  loaded.     Tliis  precaution  is  the  more  necessary, 
t  sponge  fits  the  bore  tight,  and  acts  as  a  piston.    The 
loold  bo  well  pressed  down  against  the  bottom  of  the 
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bore,  and  turned,  so  as  to  leave  no  remnant  of  the  cartridge  bag. 
In  inortarH,  where  a  sponge  is  seldom  used,  or  when  it  does  not 
fit  tightly,  the  stopping  of  the  vent  is  not  necessary ;  but  it  should 
always  be  cleared  out  with  the  priming  wire  before  the  powderis 
]jla^;ed  in.  Mortar-shells  should  be  let  down  gently  so  as  not  to 
l;e  forecd  into  the  chamber,  or  crush  suddenly  any  powder  they 
may  meet. 

The  use  of  sabots  is  avoided  when  firing  over  the  heads  of  our 
own  men. 

It  may  sometimes  become  necessary  to  fire  a  shell  from  a 
mortar  too  large  for  it;  in  which  case  it  is  wedged  in  on  dififerent 
Kid(;H  with  ])icces  of  soft  wood,  and  the  space  between  it  and  the 
bun;  filled  in  with  earth. 

Large  shells  may  be  fired  from  guns  or  howitzers  by  placing 
the  breech  in  a  hole  2  or  3  feet  deep,  and  resting  the  piece  length- 
ways on  two  pieces  of  timber,  inclined  about  45°,  the  elevation 
being  regulated  by  a  quoin  under  the  chase.  Tlie  shell  is  then 
j)hi(!e(l  upon  the  mouth  of  the  piece,  and  held  there  by  a  cord, 
which  passes  around  it  and  is  fastened  to  one  around  the  neck. 
In  thirt  way  the  shell  closes  the  mouth  of  the  piece.  The  loading 
is  as  eanily  and  as  quickly  performed  as  in  mortars,  and  the  firing 
is  tt)lcrjil)ly  accurate.  To  insure  the  fuze  taking  fire,  it  is  primed 
with  a  piece  of  (luick-match. 

For  want  of  shells  to  set  fire  to  works  in  the  field,  hot  shot 
nmy  bo  used,  the  forge  serving  as  a  furnace  to  heat  them  in. 
(^mister  shot  may  be  replaced  by  filling  pasteboard  cylinders, 
having  heads  of  elm,  1 J  inch  thick,  with  musket  balls  placed  in 
binls,  and  sealed  with  good  plaster ;  the  weight  of  the  whole  not 
to  exceed  that  of  the  shot,  and  to  be  fired  with  a  charge  of  i  of 
that  weight,  and  not  at  a  greater  range  than  300  or  400  yards. 

C'uARUKs. — T\\\}  charges  to  be  used  depend  upon  the  kind  of 
fire,  the  purpose  of  it,  the  nature  of  the  ground,  object  fired  at,  &c. 

In  mortars,  the  usual  angle  of  elevation  is  45^,  generally  a 
little  loss;  and  the  charges  vary  according  to  the  distances.  The 
ohargi^s  are  n.vtifieii  by  knowing  the  increased  range  correspond- 
ing to  a  given  incn^ase  in  charge. 

In  early  times  two  men  were  required  in  firing  a  mortar,  one 
to  tiro  the  piece,  the  other  to  light  the  fuze,  which  could  not  take 
tirt^  frv>m  the  blast,  oanh  being  i>aeked  in  to  destroy  tlie  windage, 
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ind  with  an  idea  that  it  prevented  the  elieU  from  being  broken. 
""his  raetliod  of  firing  gave  rise  to  many  occidenta.  SLonld  the 
piece  migs  fire,  the  shell  burst  in  it,  and  if  the  fiizo  failed  to  take 
fire  before  the  charge,  it  did  not  burst  at  all.  As  aoon  as  it 
bec&mo  known  that  the  fuze  could  be  lit  by  the  blast  of  the 
charge,  the  packing  of  earth  was  discontinued,  and  tlie  present 
method  of  firing  was  adopted. 

Long  pieces  were  at  first  loaded  with  loose  powder,  carried  to 
B  plncu  ut  the  bottom  of  the  bore  by  means  of  a  long-handled 
e ;  and  although  cartridge  bags  were  sometimes  used,  it  was 
Ktt  until  Gribeauval  substituted  the  use  of  them  entirely  that 
ley  were  permanently  adopted.  To  this  celebrated  Frenchman 
0  wo  aUo  indebted  for  the  use  of  the  hausse,  or  breoch-sig^t, 
reviously  almost  entirely  unknown.  Before  its  adoption,  pieces 
e  fired  with  but  little  accuracy,  except  at  point-blank  range  ; 
ibd  it  is  singular  that  so  many  objections  should  have  been 
ni^cd  against  the  use  of  an  instrument  now  eo  indispensable  to 
the  proper  sighting  of  artillery. 

In  fidd  gxinSf  when   firing   solid   shot,  the 

u-ge  is  usually  about  J  the  weight  of  the  shot. 

■or  spherical  case  and  canister,  the  charge  is 

Tliese  projectiles   are   always   fixed   to  8 

wk  of  Wood,  called  a  mhot  (Fig.  ICi),  to  which 

B  cartridge  is  also  attached  ;  forming  what  is 

klled  a  round  oi  Jixed  ammunition.     Fig.  165. 


Eognd  aiiQl  fliFd. 


^  iLe  IS-pdr.  field-howitzer,  also,  the  ammunition  used  is 
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fixed,  A,  Fig.  164 ;  but  with  the  other  howitzers  the  ojrtrWgjWoeb 
projectile  and  charge  are  separate,  the  latter  being 
attached  to  a  block  of  wood  called  a  cartridgeMock^ 
Fig.  166,  the  object  of  which  is  to  give  a  finish  to 
the  cartridge  and  fill  the  chamber,  the  dimensions 
of  the  block  being  so  calculated  for  each  different 
charge  as  to  reach  to  the  mouth  of  the  chamber. 
The  sabots  used  with  these  heavy  howitzers  are  con- 
ical in  shape  to  fit  the  connecting  surface  between  

the  chamber  and  bore.  ^^'ISim*^ 

Care  should  be  taken  in  loading  to  put  the  seam  of  the 
cartridge  to  the  sides,  so  that  it  will  not  come  under  the 
vent. 

In  loading  the  32  and  24-pdr.  howitzer,  the  cartridge  is  first 
puslied  carefully  into  the  chamber  without  ramming,  and  the 
shell  is  then  set  home,  also  without  ramming. 

In  loading  the  mountain-howitzer,  it  is  best  to  keep  the  sponge 
moistened,  especially  when  the  piece  is  fired  rapidly. 

For  the  siege  and  ga/rrison  guns,  the  charge  is  i  the  weight  of 
the  shot,  which  is  increased  in  breeching  to  -J^,  and  sometimes  to 
J.  The  French,  whose  guns  of  this  size  are  made  of  bronze,  use 
hay -wads  between  the  charge  and  shot,  varying  the  length  of  wad 
so  as  to  prevent  the  formation  of  lodgments  in  the  bore.  Wads 
are  not  usually  employed  in  our  service.  For  firing  hot  shot, 
cartridge-bags  are  made  double,  by  placing  one  witliin  the  other, 
care  being  taken  to  prevent  the  powder  sifting  out ;  and  wads  of 
wet  hay  or  clay  are  used. 

To  Load  wrra  Hot  Shot. — ^The  piece  should  be  sponged  with 
great  care,  and  the  worm  frequently  passed  into  the  bore.  As  a 
precaution,  it  is  well  to  insert  a  wet  sponge  just  before  putting  in 
the  ball. 

The  muzzle  being  sufficiently  elevated  to  allow  the  ball  to  roll 
down  the  bore,  the  cartridge  is  inserted,  the  mouth  of  the  outer 
bag  foremost,  the  fold  down,  and  carefully  pushed  home  without 
breaking  it ;  a  dry  hay  wad  is  placed  upon  it  and  rammed  once ; 
then  a  clay  or  wet  hay  wad  and  rammed  twice;  and  finally,  if 
tiring  at  angles  of  depression,  a  wad  of  clay  a  half-caliber  in 
lenc til,  or  a  wet  hay  wad,  is  put  on  the  ball. 
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Tlie  charges  for  hot  shot  are  from  i  to  J  the  weight  of  the 
lot.  With  Bmall  velocitieB,  tho  shot  eplitB  and  Bplintcre  Oie 
1,  BO  ae  to  render  it  favorable  for  burning.  "With  great 
felocity,  tho  ball  sinks  deep  into  the  wood,  is  deprived  of  air  by 
closing  of  the  hole,  and  chars  instead  of  hnming  the  surronnd- 
Bg  wood.  It  should  not  penetrate  deeper  than  10  or  12  inches, 
i-hot  balla  do  not  set  fire  to  the  wood  nntil  some  tinae  after 
bvir  penetration.  Tliey  retain  sufficient  heat  to  ignite  wood 
ler  having  made  several  ricochets  upon  water. 

TIjc  wads  are  made  of  clay  or  hay.     Clay  wads  should  consist 
'  pare  clay,  or  fuller's  earth,  free  from  eand  or  gravel,  well 
Icneaded  with  just  enough  moisture  to'work  well    They  are 
cylindrical,  and  one  caliber  in  length. 

Uay  wads  should  remain  in  the  tub  to  soak,  at  least  ten  or 
n  minutes.     Before  being  nsed,  the  water  is  pressed  out  of 

"When  hay  wads  are  used,  vapor  may  be  seen  escaping  from 
be  vent  on  the  insertion  of  tho  ball ;  but  as  this  is  only  the  effect 
r  the  heat  of  the  ball  on  the  water  contained  in  tlie  wad,  no 
inger  need  he  apprehended  from  it. 
Witli  proper  precautions  in  loading,  the  ball  may  be  permitted 
Mil  in  tlie  gun  without  igniting  the  charge.  Tho  piece,  how- 
irer,  shonld  be  fired  with  as  little  delay  as  possible,  as  the  vapor 
troold  diminish  the  strength  of  the  powder. 

FrKSAcEs  FOB  HEiTHio  SuoT  are  erected  at  the  fort*  on  the 
)B-coast.  Tlicse  furnaces  hold  sbcty  or  more  shot.  The  shot 
wing  placed,  and  the  furnace  cold,  it  requires  one  hour  and  iif- 
]  minntue  to  heat  them  to  a  red  heat ;  but  after  the  furnace  is 
ace  heated,  a  ^Jrpdr.  shot  is  brought  to  a  red  heat  in  twenty-five 
ninutes;  tlie  33-pdr.  and  42-pdr.  shot  rcrjnire  a  few  minutes 
longer.  Three  men  are  required  to  attend  the  furnace ;  one  takes 
rot  the  hot  shot,  and  places  them  on  the  stand  to  be  scraped ; 
motlicr  scrapes  theni  and  puts  them  in  the  ladle ;  and  the  third 
nppliefl  cold  shot  and  fuel. 

Gbates  foe  IltATiso  Shot. — In  siege  and  otlicr  batteries, 
irhoro  tlicre  aru  no  furnaces,  a  grate  is  used  for  heating  shot.  This 
ito  consists  of  four  bars  1 .75  inch  square,  three  feet  long,  placed 
four  inches  apart  on  three  iron  stands  one  foot  in  height.     It  is 
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placed  in  an  excavation  one  foot  in  depth,  of  the  width  of  the 
grate,  perpendicular  at  the  back  and  side,  open  in  front,  the  legs 
resting  on  bricks  or  stones  rising  about  fonr  or  five  inches  firom 
the  bottom.  A  roof  is  made  over  it  i^ith  hoops  of  flat  iron,  cov- 
ered with  sods  and  eighteen  inches  of  earth,  having  in  the  back 
part  a  chimney  six  inches  square. 

The  shot  are  placed  on  the  back  part  of  the  grate,  leaving  one 
fourth  of  front  part  free ;  and  under  and  on  the  front  part  the 
wood  is  put,  cut  in  pieces  about  fourteen  inches  long  and  two 
inches  thick.  A  thick  sod  is  used  as  a  register,  to  regulate  the 
draught  of  the  chinmev,  so  that  no  flame  can  issue  from  the  front 
This  grate,  which  will  contain  about  fifteen  24-pdr.  balls,  heats 
them  to  a  red  heat  in  an  hour,  and  will  supply  three  guns.  It 
requires  the  attendance  of  one  man. 

Heated  shot  do  not  return  when  cooled  to  their  original 
dimensions,  but  retain  a  permanent  enlargement. 

Hot  shot  have  been  almost  entirely  given  up  since  the  adop- 
tion of  the  method  of  throwing  large  hollow  shot  from  long 
pieces.  These  require  but  little  preparation,  can  be  used  at  once, 
and  are  more  terrible  in  their  efl^ect,  at  the  same  time  that  they 
are  about  as  accurate,  since  in  order  to  prevent  too  great  a  pene- 
tration, the  charge  with  hot  shot  has  to  be  reduced. 

Paixhan  Guns. — ^In  1822,  Lieut.-Col.  Paixhan,  of  the  French 
artillery,  submitted,  for  the  first  time,  his  plan  for  throwing  large 
heavy  shells  from  long  chambered  guns  (canons-a-bombes),  in  the 
same  way  that  solid  shot  is  thrown.  Up  to  that  time,  shells  fired 
from  long  pieces  had  been  limited  to  the  smaller  calibers  ;  and  it 
remained  for  Paixhan  to  prove,  after  the  greatest  opposition  on 
the  part  of  others,  that  it  was  as  practicable  and  almost  as  easy 
to  throw  shells  to  a  great  distance  with  slight  elevations,  as  to 
tlirow  shot. 

His  piece,  which  was  provided  with  a  chamber,  seems  to  have 
been  designed  more  especially  for  the  navy,  though  its  importance 
as  a  defense  against  shipping  in  sea-coast  defense,  was  early  per- 
ceived and  taken  advantage  of;  and  his  pieces,  under  the  name 
of  Paixhan  guns,  have  been  adopted  in  almost  every  service; 
and  we  are  at  this  day  witnessing  the  fulfillment  of  some  of  his 
predictions  regarding  the  change  likely  to  take  place  in  the  size 
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and  motive  power  of  naval  vesgels  from  the  adoption  of  lliia  new 
arm. 

Tlie  pieces  are  loaded  like  tlie  guna,  with  the  additional  pre- 
caution of  placing  tlio  fueo  towards  the  muzzle,  and  either  in  the 
axi«  of  the  piei'e  or  ahove  it,  according  to  the  manner  in  which 
the  sahot  is  fixed.  Sometinieg,  instead  of  using  a  sah'jt,  the  ebetl 
iit  prevented  from  tnming  in  the  bore  by  having  attached  to  it  a 
ring  or  fjrommH  wad.  Shells  should  not  be  rammed,  but  pushed 
gently  home  with  the  rammer. 

The  8-in.  »Uge  howitzer,  being  loaded  by  hand,  the  fute  ean 
be  placed  in  its  proper  position  without  the  aeei&tauce  of  a  sabot, 
which,  when  the  pivc-e  was  fired  in  the  trenches  over  the  heads  of 
the  working  parties,  wonid  be  dangerous  to  them.  Tlie  surface 
connecting  the  bore  witli  the  chamber  is  therefore  made  sphor- 
ii-al,  so  that  the  shell  will  til  down  over  the  mouth  of  the 
chamber. 

In  loading  this  piece,  aa  well  as  with  the  mortars,  care  should 
bo  tnkeii  that  no  powder  remains  along  the  bore  ;  and  in  firing 
under  small  angles,  or  at  a  depression,  the  shell  should  be  wedged 
up,  to  prevent  its  rolling  out, 

In  thti  tt<m^  mortar,  the  mouth  of  the  chamber  Is  covered  with 
a  thick  oak  plank  having  a  number  of  holes  bored  through  it,  to 
allow  the  passage  of  the  flame ;  and  when  shells  are  dred,  they 
are  laid  in  beds  with  their  fuzes  placed  outwards,  and  cut  to  bum 
15  seconds.  The  mortar  is  primed  with  a  piece  of  quick-match 
long  enough  to  allow  the  cannoneers  to  get  out  of  the  way  ot'  any 
fragments  which  might  fall  in  the  battery.  The  same  precaution 
i*  not  necessary  when  stones  or  balls  are  fired,  (hough  the  mortar 
is  then  given  an  elevation  of  C0°  instead  of  30°.  If  the  charge 
is  tiMi  great,  the  projectiles  are  diseeminaled  over  too  great  a 
space.  It  should  not  exceed  1^  lbs.  with  a  weight  of  projectile 
of  I(H>  lbs. 

la  KioocuET  FiRtHO  the  charges  are  very  variable,  according  to 
tlic  dittiuico  of  the  mark  and  the  kind  of  ricochet  to  be  used.  For 
grazing  rieochcta  the  charges  are  large,  and  the  gun  is  fired  at 
■mall  elevations.  For  plunging  ricochets,  the  reverse  is  the  ea«e. 
Ill  gvneral,  the  charges  are  very  nearly  inversely  proportional  to 
the  t44al  dilation,  that  is,  to  the  height  on  the  bausae  +  the 
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dispart.    The  smallest  charge  for  a  gim  with  solid  shot  should 
not  be  less  than  -^^  of  its  weight. 

FoiKTma.  To ^oen^  apiece  is,  to  direct  its  axis  on  a  mark  and 
give  it  the  elevation  necessaiy  for  the  ball  to  strike  the  point 
intended.  The  line  of  sight  is  usually  marked  upon  the  piece,  so 
that  the  firing  will  be  accurate  only  when  this  line  is  in  the  verti- 
cal plane  of  fire  and  the  trajectory  remains  in  this  plane. 

Long  Guns.  The  jxnnt-hlank  range  increases  with  the  velocity, 
size,  and  density  of  the  projectile. 

The  manner  of  pointing  a  piece  to  strike  an  object  at,  within, 
and  beyond  point-blank  range,  and  the  advantages  of  the  hausse, 
have  already  been  explained. 

The  line  of  sight  and  point  blank  obtained  when  tlie  liauese 
is  used  are  called  artificial^  in  opposition  to  those  obtained  with- 
out it,  which  are  called  the  natural  point  blank  and  line  of  sight 

The  effect  of  the  hausse,  or  breech-sight,  is  evident.  The 
apparent  increased  diameter  of  the  breech  obliges  us  to  elevate 
the  piece,  in  order  to  have  the  new  line  of  sight  directed  on  a 
given  object.  This  increases  the  angle  of  fire,  and,  consequently, 
the  range. 

For  firing  with  point-blank  range,  the  angle  of  sight  may  be 
diminished  by  using  the  hausse  on  the  chase,  or  between  the  han- 
dles ;  but  this  is  seldom  done. 

With  guns  and  liowitzers,  by  means  of  the  hausse,  both  the 
elevation  and  direction  are  given  at  the  same  time ;  but  with 
mortars,  which  are  fired  at  a  great  elevation,  this  cannot  be  done, 
and  the  piece  is  first  given  its  elevation  with  the  quadrant,  either 
by  inserting  the  arm  in  the  bore,  or  placing  it  against  the  face  of 
the  piece,  and  afterwards  the  direction  is  given. 

Mortars  are  fired  either  over  the  parapet  or  through  embra- 
sures. In  the  former  case,  to  establish  the  vertical  plane  of  fire 
passing  through  the  object,  a  short  stake  is  driven  in  the  interior 
crest,  as  near  as  possible  opposite  the  middle  of  the  platform. 
Sighting  by  this  stake  a  long  one  is  planted  about  one  yard  in 
front,  and  a  cord  being  attached  to  the  top  of  it,  is  stretched  to 
the  rear  of  the  piece  over  the  head  of  the  first  stake,  and  a  third 
planted  directly  under  the  cord  one  yard  in  rear  of  the  platform. 
The  large  stake  is  then  removed,  and  the  cord  is  attached  to  the 
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|iall  stake ;  and,  when  stretched  overjhe  rear  one,  givea  the  pro- 

r  direction  of  tbo  mark,  and  is  not  so  linhle  to  be  disarranged 

r  the  enemy's  shot  as  if  attached  to  the  large  stake.    Wieii  so 

retched,  a  pIumb-Hne  attaehed  to  it  will  determine  tlie  vertical 

me  of  fire  passing  throngh  the  object,  and  the  center  of  the 

platform.     Tlie  axis  of  the  piece  being  placed  in  this  plane,  by 

means  of  the  line  of  metal,  will  evidently  have  the  proper  direc- 

__Uoii ;  hut  should  the  shells  fall  habitually  out  of  Hue,  the  direction 

r  the  piece  is  corrected  by  means  of  the  potnling-hoartl,  a  strip 

r  M'ood  with  a  notch  on  one  side  to  fit  on  the  rear  stake,  and 

dilated  both  ways  from  the  middle,  by  means  of  which  the 

lortar  may  be  directed  farther  to  the  right  or  the  left.     Should 

B  flheU  fall  too  far  to  the  right,  the  cord  is  put  to  the  right  of 

B  rear  stake,  and  by  varying  tlie  position,  several  times  in  sue- 

>M,  the  proper  direction  will  bo  finally  reached. 

If  the  mortar  is  to  be  tired  through  an  embrasure,  drive  a 

ike  in  the  middle  of  the  embrasure,  near  the  interior  crest,  and 

leh  a  cord  to  it,  and  a  second  in  rear  of  the  platform,  as  near 

P'poaeiUe  in  line  with  Uie  first,  and  the  object ;  the  last  one  being 

Tgh,  to  clear  the  mortar  with  the  cord,  and  allow  the  sigliting. 

1  of  the  cord,  and  a  pointing-board  nailed  to  the  rear 

le,  correct  the  shots  as  before.    Tlie  cord  is  kept  in  its  place 

J  a  little  picket,  which  is  attached  to  the  end,  and  driven  in  rear 

pthe  rear  atakc. 

Anotiier  luelhod  for  directing  a  mortar,  is  for  the  gnnnor,  with 
ylurab-line,  to  mount  any  object  in  rear  of  the  platform,  and 
a  a  stake  to  be  driven  near  the  interior  crest,  and  another  in 
r  of  the  platform,  in  line  with  the  first,  and  the  object.  Then, 
ilh  the  cord  and  i>oinling-board,  rectify  the  firing  as  before, 
'  Tlie  anffle  of  tievation  of  a  mark,  is  the  angle  which  the  line 
Pftwn  from  the  object  to  the  breech  of  the  piei-c  makes  witli  the 
H)ntal. 

\Vhen  the  object  fired  at  and  the  mortar  are  not  on  the  same 
rel,  the  angle  of  greatest  range,  instead  of  being  ■iS"  is  45"±J 
B  angle  of  elevation  or  depression  of  flie  object.  Thus  to  reach 
I  object  elevated  15°  above  a  mortar,  the  angle  of  greatest  range 
'mid  be  45''  +  7J'=52i»;  while,  if  the  object  was  depressed  15% 
B  angle  would  be  45''-"J  =  37i\ 
Tlie  advantages  of  the  angle  of  greatest  range  are; — 1,  Econ- 
19 
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omy  of  powder.  2.  Diminution  of  recoil,  and  less  strain  on  the 
piece  and  its  platform.  3.  More  uniformity  in  the  ranges.  4.  Dif- 
ferences of  a  few  degrees  above  or  below  cause  only  a  slight  dif- 
ference in  the  ranges. 

Should  the  distance  to  the  object  be  very  short,  and  the  velo- 
city of  the  shells  not  great  enough  on  the  descending  branch,  they 
must  be  fired  under  an  angle  of  60°  ;  when,  of  course,  greater 
charges  must  be  used  for  the  same  distance,  the  ranges  obtained 
with  GO''  elevation  being  about  1-1 0th  less  than  those  with  45**. 
A  shell  fired  at  60°  elevation,  as  it  goes  higher  and  obtains  a 
greater  velocity  in  falling,  will  strike  more  directly  and  with 
greater  violence  upon  the  vaults  of  the  magazines  and  shelters  of 
the  enemy,  and  will  have  a  greater  force  of  penetration. 

For  want  of  howitzers,  mortars  may  be  used  for  ricochet 
firing.  The  least  angle  of  elevation  for  mortars  on  their  beds  be- 
ing 30°,  and  the  ricochet  angle  being  but  15°  at  most,  the  rear  of 
the  bed  has  to  be  raised  up. 

Stone  mortars  are  pointed  in  the  same  way  as  other  mortars, 
but  the  angle  of  elevation,  when  firing  stone,  is  60°,  in  order  that 
the  stones  may  have  a  greater  force  of  percussion.  In  firing 
grenades,  the  angle  is  about  33°,  to  prevent  the  shells  from  hav- 
ing too  great  a  force  in  falling,  by  which  they  would  be  buried  in 
the  ground,  and  their  explosion  become  less  effective. 

Ricochet  and  vertical  fires  being  useil  to  batter  a  surface,  and 
not  an  isolated  point,  as  is  the  case  with  direct  fires,  can  be  used 
at  night  as  well  as  in  the  day-time. 

Guns  and  howitzers  are  fixeil  for  night-firing  by  measuring 
the  distance  of  the  handle  of  the  elevating  screw  about  the  screw- 
box,  or  cutting  a  stick  which  will  fit  between  the  breech  and 
trail.  The  direction  is  fixed  by  nailing  down  on  the  platform  two 
strips  of  wooil,  one  outside  one  of  the  wheels,  the  other  along  the 
trail,  at  such  distances  as  to  allow  between  them  and  the  wheel 
and  trail  the  interposition  of  movable  strips,  which  are  taken  up 
when  the  piece  is  ready  for  firing,  to  prevent  the  stationary  ones 
from  being  torn  up  by  the  rooinl. 

AVith  mortars,  the  elevation  is  fixeil  by  marking  the  qnoin,  or 
bv  tacking  a  strip  upright  on  the  bolster,  so  as  to  tonch  the 
chaste.  Tlie  direction  of  the  beii  is  established  by  one  movable 
and  one  fixed  strip  of  wood  along  one  of  its  cheeks. 
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Oarrisnn  and  BCa-coast  carriages  are  the  eaeieet  to  arrimge  lor 
nigbt-firiiig,  the  direction  being  fixed  by  simply  chocking  the 
wheebi  of  the  cbflHeia. 

Night-6ring  is  evidently  not  so  accurate  as  day-firing,  but  with 
due  care  is  very  efficient. 

Solid  Shot  itroh  Guks. — The  effect  of  solid  shot  inei-Daaes 
with  the  caliber  and  velocity.     As  the  shot  acta  simply  by  its 
^^orce  of  Btriking,  the  quantity  of  tnotion  imparted  to  it  should  be 
^Hh  great  as  possible. 

^^K  for  any  given  piece  and  charge,  tlie  probability  of  striking  an 
^^fcject  is  the  greatest  possible  at  the  point-blank  range,  and 
ditninisbos  more  and  more  beyond  this.  The  largest  pieces  have 
tlie  greatest  point-blank  ranges,  and  are,  consequently,  for  any 
distance,  the  most  effective,  and  may,  from  this  fact,  compensatti 
for  their  numerical  inferiori^. 

Beyond  the  limit  of  distinct  vision  the  fire  loses  a  great  part 
of  its  efficiency,  so  that  infantry  should  not  be  tired  at  much  be- 
yond 1,000  yards,  nor  cavalry  at  more  that  1,200,  unless  the 
ground  be  vei^-  favorable  for  ricochet  firing,  or  the  enemy  is  in 
lassefl,  and  in  favorable  positions,  as,  for  instance,  in 
nlumn. 

When  the  ground  is  hard  and  dry,  the  rolling  fire  is  more 
nitablu  than  the  direct,  for  great  distaneiw;  as  witti  the  latter  the 
lot  strikes  but  at  one  point,  and  is  too  high  to  strike  interme- 
latc  points. 

When  the  ground  is  favorable  for  ricocheta,  tlie  ^liot  from 
eld  guns  will  range  as  high  as  17U0  and  moO  yards,  af^or  mak- 
ing a  number  of  more  or  less  extensive  bounds.  Tlie  probability 
f  striking,  however,  i$  greatest  at  about  50|l  yards,  at  which  difr- 
inee  two  thirds  or  one  half  of  the  shots  will  range.  At  800 
■ds  the  chance  of  striking  is  reduced  to  one  third  or  one  fourtli. 
A  ball  striking  against  a  scarp,  or  wall,  niakea  in  it  a  funnel- 
diaped  opening  tenoinaled  by  a  cylindrical  one,  the 
ttmth  of  which.  A,  Fig.  167,  is  from  five  to  eight  times 
lia  diameter  of  the  ball.     Tlic  shock,  besides,  splits  and 

»ks  tJic  masonry  in  a  circle  varj-Ing  from  four  to  five  '  j,,.  m 
!ct  in  diameter  for  tlm  largest  calibers. 

Shot  from  field  gims  will  easily  penetrate  walls  from  one  and 

I  half  feet  t.0  two  feet  tliiek ;  but  good  masonry  four  feet  thick  is 

i  against  them,  unless  a  regular  breach  is  made,  wluch  is  a 
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long  operation.    Experiments  show  that  breaches  can  be  snecess- 
fuUy  effected  with  12-pounder8. 

Shells,  in  consequence  of  irregularities  attending  their  con- 
struction, are  less  exact  in  their  fire  than  shot,  especially  at  great 
distances,  their  effect  being  estimated  at  two  thirds  that  of  the 
corresponding  shot.  In  consequence  of  their  noise  and  explosion, 
however,  their  moral  effect  is  greater  than  with  shot,  and  they  are 
preferred,  therefore,  in  firing  against  cavalry.  Their  extreme 
range  is  sometimes  as  great  as  2000  yards.  The  number  of  rico- 
chets they  make  is  very  variable,  and  depends  on  the  nature  of 
the  ground.  The  24  and  32  pound  shells  break  into  eighteen  or 
nineteen  deadly  pieces,  which  are  sometimes  thrown  600  yards. 

Shells  may  be  made  use  of  to  open  breaches  in  intrenchments, 
as  on  penetrating  and  exploding,  they  act  like  small  mines.  It  is 
estimated  that  for  every  two  pounds  of  powder  which  they  con- 
tain two  cubic  yards  of  earth  are  displaced.  The  32-pdr.  howitzer, 
on  account  of  its  greater  accuracy,  is  more  suitable  for  this  pur 
pose  tlian  the  24.  These,  with  their  maximum  charges,  send  their 
shells  from  four  to  five  feet  into  eartli  newly  thrown  up. 

Shells  are  very  effective  against  block-houses  and  all  other 
wooden  structures,  which  they  knock  down,  break  to  pieces,  and 
set  on  fire. 

The  total  range  of  the  mountain  howitzer  sometimes  reaches 
1200  yards,  after  the  shell  has  ricocheted  three  or  four  times.  The 
12-pound  shell  breaks  into  twelve  or  fifteen  pieces,  which  are 
sometimes  thrown  300  yards. 

The  shells  of  the  8-inch  siege  howitzer,  in  consequence  of  their 
great  weight,  and  the  quantity  of  powder  contained  in  them,  2 
lbs.  9  oz.,  are  very  destructive,  either  by  destroying  and  setting 
fire  to  the  enemy's  shelters,  or  by  destroying  his  parapets, 
traverses,  or  epaulments.  In  sea-coast  defenses,  these  shells  are 
formidable  against  ships  over  3000  yards  distant.  The  number 
of  effective  splinters  is  from  twenty-eight  to  thirty,  and  when 
filled  with  musket  balls  (486)  (schrapuell),  they  become  still  more 
destructive. 

ScnRAPNELL  shot  have  only  enough  powder  placed  in  them  to 
rupture  the  case  and  set  the  balls  free.  Consequently,  their  effect 
is  greater  the  greater  the  velocity  they  have  at  the  moment  of 
bursting.     12-pound  schrapnell  are  effective  up  to  800  yards. 

Grape  and  canister  shot  leave  the  piece  diverging  from  each 
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ler,  ID  Uie  fona  of  a  cone,  the  greater  part  of  the  balls  being 
k  the  owitcr,  and  tlie  eitreuie  ones  eeparRting  about  one  tenth  of 
t)ic  range.  When  fired  at  too  short  a  dietance,  the  balia  oecupy 
too  oDiall  a  Epace  to  produce  the  proper  efi'ect;  and  at  too  great  a 
distance  they  diverge  too  much,  and  strike  on  too  extended  a  8ur- 
liiec.  Good  results  can  be  obtained  at  from  300  to  GfXi  yards,  but 
the  maximum  effect  is  produced  at  from  400  to  450  yards. 

When  tiring  at  very  sliort  distances  over  hard,  dry  ground,  a 
suitable  diKpcraion  of  tlie  balls  may  be  produced  by  firing  veiy 
low,  and  allowing  the  balls  to  ricochet. 

The  range  and  effect  of  grapc-sliot  become  greater,  at  ordinary 

distances,  as  the  size  of  the  balls  is  inercased.     For  this  reason, 

the  grape  from  12-pdr.  guns  and  82-pdr,  howitzers,  ia  more  effec- 

^re  than  tliat  from  fi-pdr.  guns  and  l:i  or  »4  pdr.  howitxers,  and 

B  f^-pdr.  grape  is  no  longer  u^ed  in  the  United  States. 

Tliu  fire  of  grajic-sliot  from  tlio  nionutaiu  howitzer  ie  not  of 

inch  cifvct  over  300  yards. 

If  tlio  Italia  ricochet  over  hard,  dry  ground,  grape-shot  may  be 
iflectif  e  up  to  SUO  yards,  and  tlie  jwinting  is  of  but  little  import- 
but  with  broken  or  soft  ground,  ricocheting  cannot  be 
mded  on,  and  the  angle  of  elevation  should  be  regulated  with 

MoKT.vB  SnELLs. — Thcse  shells  are  designed  to  force  the  vaults 

f  magiutne  roots  of  an  cnoniy,  and  to  set  lire  to  them,  as  also  to 

vy  his  blindages  and  slielturs.     Tliey  aet  by  their  explosion 

"ell  M  by  percussion.    They  break  up  the  terre-pleine  and 

tehus  dt-rtroy  the  '*  pas  de  souris  "  and  otliwr  communications, 

1  end  witli  making  communication  between  different  parts  of 

p  work  %'ery  ditticult. 

,  As  these  shells  [renetrate  to  a  considerable  depth,  their  splin- 

•  do  not  produce  much  execution  if  the  shells  bury  themselves 

in  till!  gnmitd  before  bursting,  as  some  of  the  pieces  then  remain 

in  the  ground,  and  tlie  rest  come  out  at  so  great  an  angle  tliat 

tltev  arc  not  dangerous. 

I  Tlio  advantages  in  mortar-firing  arc  on  the  nido  of  the  bcsieg- 

For  the  works  of  the  besieged  prei^ent  a  great  mark,  wliieh 

Dot  difficult  to  hit;  whilst  the  batteries  and  works  of  the 

■differs  fonti  hut  narrow  bauds  around  the  work,  which  are  difii. 
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cult  to  strike,  especially  as  the  deviations  in  the  direction  of  the 
range  are  much  greater  in  moi*tars  than  the  lateral  deviations. 

The  greatest  difficulty  in  filing  these  shells  is  to  regulate  the 
charges  properly.  Very  great  differences  are  found  to  exist 
between  ranges  obtained  under  the  same  circumstances,  and  these 
increase  with  the  range,  whilst  the  lateral  deviations  are  much 
less.  Firing  at  a  bastion  or  demi-line  at  600  yards,  scarcely  one 
fifth  of  the  shells  will  fall  into  the  work ;  at  400  yards,  about  one 
third. 

The  best  method  of  firing  these  shells  is  to  direct  the  mortars 
and  place  the  batteries  in  such  a  way,  that  the  shells  will  pass 
over  the  works  fired  at  in  the  direction  of  their  greatest  extent. 

The  8-in.  shell  being  the  same  as  that  used  for  the  siege  how- 
itzer, gives  from  the  mortar  the  same  number  of  fragments  (30), 
some  of  which  are  thrown  to  600  yards.  The  10  and  13-in.,  in 
consequence  of  their  greater  thickness,  do  not  form  so  many  frag- 
ments. When  firing  against  men,  it  is  best  to  use  small  angles 
of  elevation,  and  8-in.  shells  are  preferable  to  the  larger  cali- 
bers. 

These  shells  will  penetrate  compact  earth  from  15  to  38  inches 
at  600  yards.  The  earth  displaced  is  in  the  same  proportion  as  for 
liowitzer  shells,  two  cubic  yards  for  every  two  pounds  of  powder 
contained  in  tlie  shell.  Tlie  diameter  of  the  top  of  the  hole  made 
is  usually  two  or  three  times  the  depth.  Sometimes  the  largest 
shells  are  broken  by  falling  on  a  stone  pavement.  Good  masonry 
arches,  tliree  feet  thick,  are  sufficient  to  resist  the  largest  shells 
falling  with  their  maximum  velocity. 

Mortar-firing  at  sea  is  very  uncertain,  but  when  shells  do 
strike  a  vessel,  the  effect  is  terrible.  A  10  or  13-in.  shell  falling 
upon  a  three-decker,  will  sometimes  pass  entirely  through  and 
sink  the  vessel. 

Light  and  fire  balls,  according  to  their  size,  arc  fired  from 
mortars  of  corresponding  calibers.  With  a  charge  of  ^y  of  its 
weight,  they  are  thrown  from  600  to  700  yards. 

Time  of  Fliout. — ^The  time  of  flight  for  siege  mortars,  at  an 
elevation  of  45°,  with  ordinary  charges,  is  nearly  equal  to  the 
s(|uare  root  of  the  range  in  feet  divided  by  four.  The  experi- 
mental length  of  the  fuze  may  be  given  according  to  this  rule. 
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To  Ascertain  the  Distance  bt  the  Report  ot  Fiee-Abms. — 
[  Haltipl)'  the  number  of  Becoiida  wliich  elapse  between  eeeing  the 
I  flash  Olid  hcariiig  the  report  by  1100 ;  the  product  will  be  {tearly 
I  tile  distance  in  feet. 

Tlie  smallest  angle  under  which  siege  mortars  can  he  fired 
L  without  raising  the  rear  part  of  the  bed,  is  Su". 

The  coehom  mortar  is  either  fired  from  behind  entrenchments, 
I  liko  other  mortars,  or  it  may  accompany  troope  in  effecting  lodge- 
Iments  in  towns  and  fortified  places. 

As  the  sliell  is  without  ears,  it  should  be  strapped  with  tin, 
I.  baring  loops  attached,  through  which  a  conl  la  passed  for  the 
[•.purpose  of  lowering  it  into  the  bore.  The  chamber  being  cylin- 
rdritiiU,  ft  siwnge  is  used. 

Ill  firing  stone  mortars,  the  stones  or  sliells  leare  the  piece,  as 
1  firing  grape-shot,  in  tJie  form  of  a  cone  which  meets  the  ground 
I  a  more  or  less  irregular  section,  from  30  to  50  yards  wide  by 
rem  fiO  to  90  yards  long.  Some  of  the  grenades  fall  near  the 
rbftttory,  bat  the  greater  part  are  found  within  a  circle  of  from  20 
Lto  80  yards  in  diameter.  Each  grenade  bursts  into  12  or  15  frag- 
lieatB,  which  are  effective  within  a  radius  of  10  to  20  yards,  and 
^mc  cren  as  far  as  300  yards, 

R&nnrry  ok  Fikiso.— Siege  mortars  can  ho  fired  conveniently 
At  the  rate  of  twelve  rounds  an  hour  continuously;  but  they 
may,  in  case  of  need,  be  fired  with  greater  rapidity.  In  general, 
the  rate  of  firing  depends  on  the  caliber  of  the  piece,  A  24-pdr. 
takes  about  double  the  time  to  load  and  fire  it  that  a  12-j>dr. 
duos. 

For  field  guns,  30  or  40  seconds  are  required  for  the  6-pdr., 
and  one  minute  for  a  12-pdr.  The  mean  rate  is  about  one  shot 
per  minatc,  but  when  close  pressed,  and  firing  at  objects  not  difB- 
cult  to  hit,  two  or  three  allots  per  minute  can  be  fired. 

TIio  firing  of  howitzers  is  always  slower  than  with  gnns,  a 
Uld  howitzer  reijuiriug  1^  niiniite  tu  load  and  fire  it. 

The  mean  ratu  of  siege  guns  is  about  S  shots  eu  hour,  though 

t  be  increased  qn  an  emergency  to  1 2  shots ;  and  in  breach- 

J,  as  many  as  20  shots  per  hour  have  been  fired.     But  this 

ipid  firing  is  very  injurious  to  pieces,  especially  bronze  guns., 

1  beat  rapidly,  soften,  and  loi;e  their  resistance. 
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II<XJKET9  can  be  fired  more  rapidly  than  any  other  kind  of  pro- 
jectile ;  and  if  largo  quantities  of  them  are  on  hand,  they  consti- 
tute the  best  means  of  setting  fire  to  towns.  They  are  fired  from 
troughs  or  sheet-iron  tubes,  tlie  former  being  the  most  rapid  but 
the  least  accurate  means.  Tlie  elevations  al*e  given  with  a  quad- 
rant, and  the  direction  with  a  plumb-line. 

Recoil.  The  recoil  of  the  carriages  varies  between  very  ex- 
tended limits,  according  to  the  nature  of  the  ground.  Generally, 
howitzers  recoil  more  than  tlie  corresponding  guns,  and  the  6-pdr. 
recoils  less  than  the  12-j>dr.  The  24  and  32  pdr.  howitzers  fired 
with  large  charges  sometimes  recoil  10  j'ards ;  whilst  under  some 
circumstances  the  6-pdr.  gun  will  recoil  but  1^  or  2  yards.  The 
mountain  howitzer  will  recoil  11  or  12  yards,  but  may  be  limited 
to  4  by  using  a  rope  on  the  wheels. 

When  the  piece  is  on  a  platform,  as  with  siege  pieces,  the 
recoil  is  seldom  more  than  4  yards,  unless  the  platform  is  wet, 
when  it  increases  from  the  reduction  of  friction  on  the  trail. 

Tlie  recoil  on  garrison  carriages  is  very  slight,  as  is  also  the 
case  with  mortar-beds. 

PEXirrKATioN. — ^For  the  penetration  of  shot  and  shell,  see  the 
Ordnance  Manual,  p.  368  to  373. 

It  is  remarked  in  firing  leaden  bullets  into  earth  or  water, 
tliat  tlicy  are  flattened  the  more  as  the  velocity  is  increased.  Tliis 
atfects  their  penetration,  so  that  fired  at  a  distance  of  50  yards 
the  penetration  is  greater  than  at  a  distance  of  25  yards.  Tlie 
same  effect  is  noticed,  though  not  to  the  same  extent,  in  firing 
into  other  materials.  Beyond  a  certain  limit,  the  flattening  of 
the  ball  does  not  sensibly  affect  the  penetration. 

Tables  of  Fire. — ^Tables  of  fire  should  be  considered  simply 
as  a  means  of  limiting  the  number  of  trials  to  be  made  before 
finding  out  the  range  of  a  gun,  and  not  as  giving  accurate  results 
whicli  will  be  the  same  under  all  circumstances.  The  first  shots 
always  produce  the  greatest  eflfect  on  an  enemy  ;  and  it  often 
hai)i>ens  in  battle  that  the  smoke  and  dust  prevent  subsequent 
rectifications  in  the  firing,  unless  a  certain  amoimt  of  information 
irt  possessed  in  regard  to  the  eflects  of  the  piece.  In  giving  this 
inlbrmatioii,  the  tables  of  fire  are  of  use. 

If,  in  experimental  firing,  great  differences  are  observed 
between  two  successive  shots,  fired  with  the  same  charge,  same 
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n,  from  the  same  piece,  under  the  same  angle  and  at  well- 
a  diiitanceB, — we  ^liould  not  be  enriirieeti  to  find  dilTerenoea 
■between  the  tables  of  fire  and  the  results  obtained  in  the  presence 
of  an  enemy.  Tbcec  tables,  then,  give  mmply  the  first  term  of  a 
SC'ricH  of  trials,  \iy  the  aid  of  which  a  skillful  gunner  arrives  at 
•ceurac;  in  pointing.  This  first  term  is.  however,  often  of  the 
greatest  importance,  since,  by  knowing  it,  a  great  deal  of  time  is 
-^ned. 

For  these  tables  for  ordnance,  see  Appendix,  pp.  40  to  48; 
Bd  for  the  initial  velocities  and  penetration  of  small-armfl,  pp. 
(0,  50,  and  &I. 

Bkkaciiiko. — A  itrach  is  an  opening  made  in  the  wall  of  a 
tified  place,  to  facilitate  the  entrance  of  a  storming  party. 
In  permanent  works,  the  wall  being  formed  of  maaonry,  little 
jTuiy  part  of  which  is  exposed  to  the  tiro  of  artillery  at  any  great 
Utancc,  it  becomes  necessary  to  establish  breaching  batteries,  for 
B  purpose  of  knocMng  it  down.  Tliese  batteries  are  established 
in  the  covered  way,  or  on  the  cre^t  of  the  glacis,  where  the  guns 
can  be  brought  tu  bear  upon  the  wall. 

licfore  tlie  use  of  iron  as  a  material  for  balls,  stone  was  used, 

which,  not  being  so  resisting,  broke  against  the  solid  wall  without 

producing  mucli  damage;  and  the  wall  had  to  be  knocked  down 

by  eominencjDg  at  the  top,  where  the  least  resistance  was  offered, 

and  continning  to  fire  down  the  face  until  sufficient  debris  was 

formed  to  make  a  ramp  front  the  l)ottom  of  tlie  ditch.     This 

[oethod  was  very  lalKirlous,  anil  generally  formed  a  very  steep 

i  often  impracticable  slope. 

Tlio  effect  of  an  iron  ball  upon  masonry  is  noticed  at  page  2fiT, 

:■  167.     Tlio  hall,  when  it  strikes,  is  acted  upon  by  the  elasticity 

ivoloped  by  the  shock ;  and  is  sometimes  thrown  bat^k  150  yards, 

9»»U>  be  dnngerons  t«  those  in  the  battery.     Pieces  of  masonry 

e  also  sometimes  thrown  from  the  wall  50  or  80  yards.     The 

ling  niado  and  penetration  depend  upon  the  kind  of  material 

f  which  the  wall  is  made,  and  upon  tlie  caliber  and  velocity  of 

B  projectiles  used. 

If  the  axis  of  the  piece  is  perpendicular,  or  nearly  so,  to  (he 

■&0C  of  the  vail,  no  difficulty  is  experienced  in  making  the  ball 

penetrate;  but  where  tlie  ball  strikes  tlie  wall  at  a  much  smaller 

aogic,  it  is  not  bo  chsily  done.     Against  solid  masonry,  a  ball 
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Striking  Tinder  a  less  angle  than  33°,  will  glance  off  without  pro- 
ducing much  effect ;  and  when  no  greater  angle  can  be  obtained, 
the  same  spot  must  be  fired  at  until  a  hole  is  started.  Then 
the  cut  is  made  with  more  ease,  though  with  nothing  like  the 
rapidity  with  which  it  is  effected  when  firing  directly  against  the 
face  of  the  wall. 

The  breaching  batteries  having  been  established,  several  pieces 
in  each,  the  number  depending  upon  their  caliber  and  the  size  of 
the  intended  breach,  the  first  thing  to  do  is  to  make  a  horizontal 
cut  in  the  wall.  The  determination  of  the  proper  position  for  this 
cut  is  a  matter  of  importance,  as  on  it  depends  in  a  great  measure 
the  practicability  of  the  breach. .  The  ramp  formed  of  the  falling 
masonry  and  earth  diminishes  as  the  height  of  the  cut  is  increased ; 
so  that  if  the  cut  is  made  too  high,  a  part  of  the  scarp  wall  will 
remain  standing  above  it,  and  if  it  cannot  be  ascended  will 
require  a  long  time  to  knock  down. 

If,  on  the  contrary,  the  cut  is  made  too  low,  the  amount  of 
material  for  forming  the  ramp  is  increased,  and  may  mask  the 
openings  first  made  before  the  cut  is  completed. 

Ilence,  the  most  suitable  height  is  that  which  will  furnish 
about  sufficient  material  to  reach  the  cut.  This  height  is  deter^ 
rained  to  be  nearly  equal  to  the  thickness  of  the  wall  at  the  cut. 
Tliis  thickness,  when  not  previously  known,  can  be  deduced  from 
the  dimensions  necessary  to  be  given  to  the  wall  to  resist  the 
pressure  of  the  earth  of  the  rampart  and  parapet. 

A  profile  may  be  constructed,  by  ascertaining  as  near  as  pos- 
sible the  width  of  the  ditch,  that  of  the  covered  way,  the  height 
of  the  scarp,  the  thickness  of  the  parapet,  the  height  of  the  coun- 
ter-scarp, and  crest  of  the  covered  way.  From  this  profile,  the 
position  of  the  cut  is  determined,  so  that  the  resultant  ramp  shall 
have  a  slope  of  45°.  The  height  of  this  cut  should  never  be  less 
than  i  the  height  of  the  scarp.  K  the  ditch  is  a  wet  one,  tlie  cut 
should  be  made  at  the  water's  edge. 

Tlie  number  of  pieces  in  the  battery,  and  the  length  of  the 
breach  to  be  made,  will  determine  the  field  of  fire  of  each  piece, 
and  the  length  of  cut  to  be  made  by  it. 

Tlie  angle  of  depression  for  each  piece  should  be  determined 
as  near  as  possible  beforehand,  and  when  once  satisfactorily  ob- 
tained, should  be  marked  on  the  elevating  screw. 


£iicl]  piece  commenc^B  to  fire  on  the  right  or  left  of  its  portioa 
r  of  tlie  cat,  spacing  its  bIioI  about  1^  yards  for  24  pds.,  and  1 
yard  for  18  pds.,  tbe  eucccssive  positioDs  of  the  trail  and  wheels 
being  marked  on  tbe  platform.  Ketiiming,  the  piece  is  fired  at 
the  intervaU  between  the 
shots  in  the  first  round,  tho 
positions  of  tlie  piece  being 
marked  as  before.  Tlus  fir- 
ing is  continued  back  and 
forth,  firing  at  the  niuat 
prominent  pointa  in  the  cut, 
til  it  is  finished,  wliich  ia 
lown  to  he  the  case  when 
ibe  earth  fuUs  through, 
throughout  its  length.  Fig. 
168.  ftg.  m 

Froqnent  inspections  are  made  to  see  that  the  cut  progresBes 
uniformly ;  and  if  some  portions  are  funned  more  rapidly  than 
others,  adjacent  pieces  may  be  turned  against  the  slowest  parte. 


ltn< 
tlu 


Tho  vertical  cuts,  Fig.  169,  are  made  between  the  horizontal 
t  and  tbe  top  of  the  wall.  There  must  be  one  at  each  und  of 
Sie  breach,  and  intermediate  one£  at  a  distance  apart  of  not  more 
lan  10  yards,  and  closer  if  possible,  so  that  no  part  of  tlie  wall 
(ay  be  sustained  by  more  than  one  counterfort,  Tlie  number  of 
ibe»o  cuts  klioiild  not  esceed  the  number  of  pieces  in  the  battery, 
$o  that  each  one  may  he  firc^l  at  by  at  least  one  piece.  The  firing 
is  coramencotl  juHt  above  the  horizontal  cut,  and  continued  up- 
varda,  slowly  at  first,  so  a»  not  to  encumber  the  cuts  with  tho 
falling  material.  Tbe  shots  are  upaced  at  first  about  half  a  yard 
apart,  and  after  that  the  salient  points  fired  at.    The  extreme  cuts 
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CHAPTER    IX. 


FUZES. 

A  FrzK  U  the  contrivance  by  wliicli  fire  is  commiiiiipftted  to 
Sie  charge  in  a  e)ii.-ll.     It  consiela,  essentially,  of  a  highly  inSani- 
uhle  oonipoeition,  inclosed  in  a  wood,  metal,  or  paper  case. 
WooDi'af. — The  oldest  furni  has  a  wooden  case,  and  is  repre- 
[  Bcnted  in  the  annexed  drawing,  Fig,  ITl.    It  consists  of  a 
I  eoiiicut  |jlng  of  wood,  of  the  proper  size  for  the  fuze-hole 
LOf  tlie  ahfU  with  which  it  is  to  be  fired.    Tlieaxis  of  this 
Iping  ia  bored  out  cylindrically,  from  the  large  down  to 
rithin  a  short  dibtance  of  the  email  end,  which  is  left  solid. 
t  the  large  end  a  cup  is  hollowed  out,  and  the  onteide 
f  the  plug  is  divided  into  inches  and  parts,  Kcnerally 
mtltB, 'commencing  at  the  bottom  of  theciip.    TIic  cylin- 
FlArical  space  ia  filled  witli  composition,  ponnded   hard, 
Iftnd  lu  regularly  u  possible,  and  the  cup  filled   with    r.f.v 
'  mealed  powder,  inniatened  with  whisky  or  alcohol.     The  rate  of 
l)Umin}r  is  determined  by  experiment,  and  marked  on  a  water- 
pnjof  ]>ttijercap,  which  is  tied  over  the  cup.     Knowing  the  time 
any  slivll  la  to  occupy  in  its  flight,  the  fuze  is  cut  off  with  a  saw 
at  the  proper  division,  and  firmly  set  in  the  fnzc-holc  with  a  fuze- 
set  and  mallet.     Say  the  fuze  bums  5 "  to  the  inch.     If  a  shell 
is  10  "  in  reaching  the  mark,  two  inches  of  fuze  will  burst  it  as  it 
•trikes.     If  it  takes  8  ",  1  in.  and  j',  will  be  cut  off;  and  bo  on. 

The  great  disadvantage  of  this  fuze  is  its  irregularity,  it 
being  very  difficult  to  pound  the  composition  so  that  et|UKl  lengtlia 
I  will  bum  in  e<]ual  times.  So  that  the  ebell  will  cither  burst  too 
I  toou,  and  a  great  part  of  its  effect  be  loet ;  or  it  will  burst  after 
I  lorying  itself  in  tlie  ground ;  when,  from  the  high  angle  at  which 
I  the  pieces  leave,  they  arc  rendered  harmlee*  to  the  enemy ;  or  tlie 
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bIioU  will  burst  after  it  passes  the  proper  point.  This  irregularity 
of  burning,  is  common  to  all  fuzes  where  the  composition  is  driven 
in  suooessive  layers  in  a  column  which  bums  in  the  same  direction. 

Papkk.  Tlie  Papep'-jF'uzejYig,  172,  is  a  better  form,  and 
consists  of  a  conical  paper]  case,  containing  the  composi- 
tion, whose  rate  of  buniing  is  shown  by  the  color  of  the 
case,  as  follows : 

l>lack  Burns  2"  to  the  inch. 

Kod  ''  3"      "        " 

Green  ^-  4"      "        " 

Yollow  *'  5"      "        " 

Eaoh  fuze  is  made  two  inches  long,  and  the  yellow  bums, 
oonso^iuently,  10".    For  any  shorter  time,  the  fuze  is  cut 
with  a  sharp  knife.    "With  this  fuze,  is  used  a  fuze-plng, 
Fig,  17S,  having  a  conical  opening,  which  is  reamed  out 
to  tit  the  papor-caso,  when  the  shell  is  loaded,  and 
the  fuzo  is  then  prosscil  in  with  the  thumb.    The 
grvat  advantage  of  this  fuze  is  its  simplicity :  and 
the  little  tnmble  ivquirv^d  to  place  it  in  the  shell, 
wliioli  render*  the  numen^us  ar.vl  oomplioated  imple- 

r/.cr.ts  rbriuorlv  i;se\i  in  t:elvi  artillorv.  such  as  saws, 

•  •      _      ^        .i*'       ^" 

TL.o  w^wiiii  tuics  arx^  s::ll  :;mx:  :Vr  vtrv  I.^r.^raii 
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■opposite  to  the  intervals  between  tliosc  in  the  otbcr  set.  These 
Loles  arc  ntinibcred  from  the  top,  so  ne  to  designate  the  dietance 
mpi  vtLch  fnun  tie  top  of  tlie  column  of  composition.  Tlie  main 
^column  commnnicatea  at  the  bottom  with  one  of  the  small  columns; 
l&d  Uie  two  email  ones  communicate  with  each  other  at  the  same 
The  holes  are  bored  at  such  a  distance  apart,  that  planes 
used  tliniugh  the  axes  of  two  consecutive  ones,  perpendicular  to 
ft  of  the  fuze,  will  contain  between  them  j'^  of  an  inch 
'  eompoftit  ion,  which  takes  about  ^'^  of  a  second  to  bum.  The 
ioight  of  the  column,  exclusive  of  the  priming,  is  one  inch;  so 
nut  the  shell  may  be  exploded  at  ten  different  points  of  its  trajec- 
Vry.  The  scale-boles  are  closed  with  pipe-clay,  and  numbered  ; 
liOfle  on  the  left,  with  even  numbers,  those  on  the  right,  with  odd 
s«,  commencing  with  3;  all  painted  red,  and  relieved,  thefirston 
a  black  ground,  tlie  second  on  a  white,  Tlie  paint  preserves  the 
wood,  and  the  different  colors  prevent  mistakes,  by  rendering  the 
^^-fl^roB  more  conspicuous.  Tlie  exact  position  of  the  holes  is  indi- 
^Hnt«d  by  wliite  or  black  points,  according  to  the  ground. 
^^B  Tlie  cup  of  tlie  fuze  at  the  top  is  primed  with  mealetl 
^^■owder  and  quick-match,  and  the  head  of  ^e  fuze  covered  with 
^^K  paper  ca]i,  to  which  is  fixed  a  piece  of  tape  to  uncap  it ;  and 
^Hprer  this,  la  placed  a  tin  cap. 

^^  TTiia  fuze,  invented  by  Capt.  Boxer,  is  designed  specially  for 
use  with  a  kind  of  achrapnell,  invented  by  him,  in  which  a  sheet- 
iron  partition  separatee  the  powder  from  the  balls,  and  a  copper 
izc-plug  is  screwed  into  the  eye  to  receive  the  fuze,  which  is  not 
lilt  in  until  just  before  firing,  like  our  paper-fuze.  The  size  of 
he*e  fuzes  is  the  same  for  a,\\  calibers  of  schrapnells.  Larger  ones 
lave  been  similarly  made,  and  apjilied  to  mortar  and  other  shell 
Inng,  where  a  greater  time  of  flight  is  retjuired. 

To  iiac  the  fuze,  bore  out  with  a  gimlet  the  hole  correspond- 

^  to  tlic  dialanco  at  which  the  shell  is  required  to  burst,  boring, 

kot  only  through  the  lupeday,  but  through  the  column  of  powder 

r«3d  the  wood,  which  separates  this  from  the  fuze  composition. 

Kemnre,  also,  in  all  cases,  the  pipe-clay  from  the  hole  marked  S. 

The  faze  is  now  placed  in  the  plug,  taking  care  to  insert  it  in 

inch  a  way,  tliat  the  column  marked  with  the  even  figures  shall 

correspond  with  an  opening  left  in  the  side  of  the  fuze  plug,  by 

means  of  which  fire  passes  in  to  the  charge. 


The  tin  cap  is  then  remoTed,  the  paper  one  torn  off,  and  the 
shell  inserted  in  the  piece. 

When  the  fuze  is  fired,  it  hums  'down  to  tlie  bored  hole, 
through  which  the  fiame  passes  into  the  powder  column,  and 
comiiuinicateB  through  the  hole  2  with  the  charge  in  the  shell, 
should  it  fail  to  eommnnicftte  through  the  hole  bored  ont. 

Tliesc  fuzca  are  said  to  have  given  very  satisfactory  resnlts  in 
experiments ;  but  tbey  appear  entirely  too  complicated  for  ordi- 
nary use.  Tlie  parts  are  numerous  and  complicated,  requiring 
nice  adjustment  at  the  time  of  using ;  and  no  reason  is  seen  why 
they  should  bum  any  more  regularly  than  the  paper  fuze;  whU£t 
the  certainty  of  exploding  the  shell  appears  to  be  much  greater 
in  this  last,  which  also  must  be  much  the  cheapest, 

Tliie  fuze  has  been  applied  to  the  ordinary  field  shells,  differ^ 
ing  only  in  having  a  greater  length,  and  a  more  extended  gradua- 
tion, and  in  not  having  the  two  columns  of  powder  joined  at  the 
base,  each  of  wliich  transmits  the  flame  directly  to  the  charge. 

Tlie  English  use  with  their  large  mortar  shells,  a  wooden  fuze 
similar  fo  ours,  but  difi^crently  graduated.  It  is  divided  into 
intervals,  by  grooves  cut  round  tlie  ease,  each  one  of  which  bams 
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e  second ;  and  these  arc  further  divided  into  five  parts,  by  holes 

rvd  througli  the  wood  and  running  in  a  spiral  around  the  fuze. 

These  holes  are  stopped  ivith  pipe-clay,  which  is  removed  as  in 

Uie  Boxer  fuze,  witii  a  ginalet,  just  before  inserting  the  fuze  in  the 

_BheU. 

Bb^ss. — In  consequence  of  the  rapid  deterioration  of  wooden 

izes  at  sea,  the  English  navy  has  adopted  metal  ones  altogether; 

nt  the  French  still  hesitate,  having  found  that  the  metal  is  raised, 

f  the  burning  composition,  to  such  a  temper- 

1  to  explode  the  charge  prematurely. 

le  Ku^ians  early  adopted    the   metal,  and 

WTed  at  Sinope,  both  the  terrific  power  of  the 

'bixhan  shells,  and  the  good  quality  of  these 

izes. 

The  English  fuzes  are  made  of  brass,  Fig.  175, 

and  are  of  three  sizes,  according  to  the  caliberfl 

-■irith  which  they  are  to  be  used.  The  fuze  screws 

Ibto  the  eye  of  the  shell,  the  projecting  head 

ing  covered  with  a  cap  in  which  is  placed  a 

■ther  cnshion,  pushed  down  by  a  brass-wire 

kring  to  close  the  mouth  of  tlie  fuze,  and  prc- 

nt  the  fuse  dnst  from  sifting  into  the  thread 

th«  cap  screw,  causing  accidental  explosions  I 

len  the  cap  is  put  on  or  taken  off. 

Tlic  inside  of  the  fuzeKrase  is  cat  into  a 

;tnb«r  of  small  transrerse  grooves,  which  hold 

composition  firmly,  and  also  prevent  the   ; 
itie  from  passing  down  along  the  sides  of  the   ' 
position. 

Fig,  175  represents  the  smallest  size  of 
fnzee.  It  is  Ijr  inch  long,  bums  Sscconds, 
ia  used  for  distances  within  600  yards.  ''«■  >"■ 

The  other  sizes  arc  as  follows, — 

No.  1,  4  in.  long,  hums  20  seconds,  used  beyond  1900  vanls. 
"    2,  8  "      **        "        ^    "        used  between  000  and  700 
yards. 

The  ooiopoBition  nsed  in  No.  1,  is  13  nitre,  4  Milphnr,  and  11 
mc*led  powder ;  in  No.  3,  mealed  powder ;  and  in  No.  3,  both  of 
tbcce  are  used. 

On  tho  outside  of  these  fuzes  are  gradaating  lines  ;  and  the 
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column  of  composition  is  shortened  to  suit  intermediate  distances, 
by  boring  out  from  the  lower  end. 

Tlie  cap  is  not  taken  off  until  the  shell  is  placed  in  the  piece; 
and  we  are  warned  not  to  unscrew  the  fuze  itself  at  the  same  time, 
thus  leaving  the  shell  liable  to  explode  in  the  bore ;  but  this  could 
be  easily  remedied  by  cutting  the  two  screws  in  opposite  directions. 

Sersa  Fuze,  Fig.  176.  This 
fuze  consists  of  a  cast-iron  case, 
A  (with  a  flat  head),  which  is 
screwed  into  the  eye  of  the  shell 
to  receive  the  fuze  proper,  B, 
which  is  made  of  bronze,  and  is 
screwed  into  the  case  when  re- 
quired, having  for  that  purpose 
a  square  head.  The  end  of  the 
iron  fuze-plug  projects  slightly 
into  the  shell,  and  is  hollowed 
out  and  notched,  in  order  to  re- 
ceive a  priming  to  render  the 
explosion  of  the  charge  more 
certain. 

The  fuze  is  filled  with  meal, 
powder,  compactly  and  regularly 
driven.  It  is  designed  for  use 
with  schrapnell  shot,  and  each 
caliber  has  three  lengths,  corre- 
sponding to  the  three  most  im- 
portant distances,  and  differing 
in  the  time  of  burning,  f  of  a 
second  in  the  12-pounder,  and 
one  second  in  the  24-pd.  (15®), 

so  that  for  the  former  piece,  the  fuzes  would  bum  2",  2|",  and  8|", 
and  for  tlic  latter  piece,  2|",  3f '',  and  ^'\ 

As  the  fuze  is  not  placed  in  its  position  until  just  before  firing, 
the  hole  in  the  fuze-plug  is  kept  closed  with  a  tow  wad,  which 
has  to  be  removed  before  inserting  the  fuze.  This  fuze  is  well 
spoken  of,  and  has  given  satisfactory  results. 

It  is  vr  mdedi  as  an  improvement,  that  the  plug  or  case 

tead  of  cast  iron,  to  avoid  the  danger  of 
I  the  parts  in  place,  to  say  nothing  of  the 
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liability  of  the  iron  to  mst,  and  render  the  unload- 
ing of'the  Bht'll  difficult. 

This  fuze  lias  undergone  flome  inodificatione, 
which  aro  thought  to  be  improvemonts  over  the  ori- 
ginal fuzt;  of  Major  Scrra.  The  plug,  Fig.  177,  is 
made  BHialler,  with  no  screw  on  its  exterior,  which 
is  instead  made  slightly  conical,  and  is  driven  into 
the  fuze-holc,  like  an  ordinary  wooden  fiute.  Instead 
of  iron,  it  is  made  of  a  mixture  of  tin,  lead,  and  zinc, 
one  part,  of  each.  It  can  be  applied  to  any  sliell 
■without  the  trouble  and  expense  of  entting  a  screw 
in  tho  eye,  consequently  can  be  used  with  the  ehelU 
already  manufactured,  without  any  cliangc.  It  is 
less  costly  than  that  of  Major  Serra,  and  tlie  same 
danger  when  inserting  it  doee  not  exist. 

The  Belgitu  oh  Boak- 

UAKN  Fuze,  invented  by 

Capt.  Boarmann,  of  tiie 

Belgian  army,  (s  a  great 

mproTcnicnt  on  tlio  old  fuze,  and  by 

br  the  best  and  most  regular  of  any 

i  use.    Tlie  eeaontial  iniprove- 

!nt  consists  in  aj'plying  the  eompo- 

hion  pressure  on  the  mdf,  and  bum- 

if  it  from  the  end,  which  does  away 

rith  the  irregiilaritr  resulting  from 

ving  and  burning  in  layers. 

The  fuze-coso  is  made  of  incltil  (a 

naposition    of    lead    and   lin),   and 

isista,  Fig.  17R,    first,  of   a   short 

^linder,  having  at  one  end  a  hon<e- 

thotsfihapcd  indentation,  ont- end  only 

f  which  comumnicates  with  the  mag- 

line  of  llio  fuze  placed  in  the  center- 

horse-shoe   indcutalion   extends 

irly  to  tlic  otlier  end  of  the  cylinder, 

B«thin  layer  of  the  metal  only  intervi-n- 

ing.    Tills  is  graduated  on  the  outiiido 

into  equal  parts,  representing  seconds 

I  tuul  quarter  seconds,  as  represented  in  Fig.  1' 
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of  thia  channel  a  Brnooth  laver  of  the  composition  is  placed,  with 
a  piece  of  wick  or  yam  underneath  it.  On  this  is  placed  the 
]»iece  of  metal  repregented  in  Fig.  ISO,  the  cross-section  of  it 
being  wedge-shajicd ;  and  this  is  by  machinery  pressed  down 
upon  tlie  composition,  sealing  it  hennetically.  The  cylindrical 
opening  represented  at  a,  Fig.  ITS,  is  filled  with  fine  powder, 
and  covered  with  a  slieet  of  tin,  which  is  soldered  in  its  place 
closing  the  magazine  from  the  external  air. 

Before  using  the  fuze,  several  holes  ^     isp.v.ew 

are  punclied  through  this  sheet  of  tin,  to 
allow  the  flame  to  escape  into  the  shell. 
On  the  side  of  the  fuze  the  thread  of  a 
screw  is  cut  which  fits  into  one  cut  on  the 
inside  of  tlie  fuze-hole,  and  the  fuze  is 
screwed  into  the  shell  with  a  wrench,  the 
projecting  part  of  wliich  fits  into  the  in- 
dentation at  by  Fig.  179. 

The  thin  layer  of  metal  over  the  com- 
position  is  cut  away  with   a  gouge   or  [^^.,\ 
chisel  of  any  kind,  at  the  interval  marked                  ng.  iso. 
with  the  number  of  seconds  which  we  wish  the  fuze  to  burn. 

The  metal  of  this  fuze  being  soft,  there  is  danger  of  its  being 
driven  into  the  shell  by  the  explosive  force  of  the  charge.  To 
prevent  this,  a  circular  piece  of  iron,  of  a  less  dia- 
meter than  the  fuze,  with  a  hole  through  its  cen- 
ter, and  the  thread  of  a  screw  on  the  outside. 
Fig.  ISl,  is  screwed  into  the  fuze-hole  before  the 
fuze  is  placed  in. 

The  regularity  and  certainty  of  tliis  fuze  are 
very  great ;  and  its  use  has,  so  far,  been  princi-  n»-  isi. 

pally  confined  to  light  artillery  in  firing  shells,  and  particularly 
echrapnell,  in  which  these  two  requisites  are  so  essential ;  but  it 
has  been  applied  to  larger  ordnance,  with  every  promise  of  com- 
plete success. 

One  of  the  most  important  advantages  of  this  fuze  is,  the  fact 
that  the  shells  can  be  loaded,  all  ready  for  use,  and  remain  so  any 
length  of  time,  perfectly  safe  from  explosion  ;  as  the  fuze  can  bo 
screwed  into  its  place,  and  the  composition  never  exposed  to  ex- 
ternal fire  until  the  metal  is  cut  througli.    Tlio  only  operatioDi 


fewn,  to  be  perfonned  tinder  fire,  ie  to  gouge  throiigli  the  metal 

t  the  proper  jtoint,  wliicli  miiy  he  done  with  any  kiiid  of  a  cliieel, 

mife,  or  other  instniiueiit.     It  would  lie  well,  however,  to  cxani- 

j  some  of  the  fuzes,  to  Boe  that  care  has  been  taien  to  punch 

loIeH  through  the  plate  of  tin  which  covers  the  magazine,  as  tlie 

howder  contained   in   it   might  not   be  sufficient  to   blow   this 

treroff. 

"niU  admirable  fuze,  which  the  Belgians  have  been  experiment- 

ttig  with  and  improving  for  the  last  twenty  years,  is  now  acknowl- 

1  by  all  to  l)c  the  most  perfect  of  its  kind  extant.     It  baa 

iea  subjected  to  all  kinds  of  trials,  and  failed  in  none ;  and  this 

1  be  Bftid  of  no  other  fuze  yet  invented. 

In  1852,  they  were  submitted  to  a  series  of  experiments  in 
■anoe,  <luring  which  a  number  of  schrapnells,  with  the  fuzes 
tot  cut  for  bursting,  were  fired  and  afterwards. recovered,  and 
'  fired  with  the  fuzes  projHirly  cut.  Tlie  results  demon- 
tratod  that  the  fuzes  resist  completely  all  the  shock  which  the 
rojtctili!  receives,  either  when  in  the  bore  or  when  ricocheting 
1  the  ground,  withuut  injury  and  without  detaching  itself  from 
he  shell.  In  onlor  to  demonstrate  this  fact  more  clearly,  several 
iilotfl  were  fired  with  a  rolling  jire,  without  cutting  the  fuzes,  and 
ftie  same  fuzes  were  fired  over  again  after  duly  regulating  them, 
riving  the  most  satisfactory  results. 

TTiia  fuze,  however,  did  not  hold  undisputed  the  first  place 

mong  fuzes  in  Europe ;  by  far  its  most  prominent  rival  being 

Uo  invented  by  Capt.  Splingard,  of  the  Belgian  army.    Whether 

K  former  has  lost  anytliiiig  by  tlie  comparison,  after  receiving 

*  tlic  bnptism  of  the  field  of  battle,"  I  have  not,  at  present,  the 

beans  of  ascertaining.     In  tliis  country,  the  Boarmann  fuze  is 

!  only  one  of  tho  two  in  use,  and  the  otlier  almost  entirely 

jiown. 

Baobn  FrzE,  Fig.  183.     Tlie  Boarmann  fuze  has  undergone 
ireral  modifications,  on«  of  the  best  of  whicli  was  made  in 


The  metal,  form  of  the  parts,  &c.,  are  tlie  same  as  in  tlie  Botr- 

jin  fnic,  with  the  addition  of  a  bronze  stud  and  plate,  used  to 

&ae  a  piece  of  quick-match  in  tlie  recess  shown  at  h.  Fig. 

1?9,   and   two   pieces   of  common   cartridge-paper,  cut   in   the 

r  riiftpo  to  fit  tho  horseshoe-shaped  opening,  one  of  wbicli 


(;i)i'«  iibove,  tlic  other  beloTT,  the  charge  of  composition,  to  prevent 
il,  whoii  burning,  from  melting  tlie  metal  above  and  beloT  it 

lliu  graduated  scale  is  more  Loadcd^top  jin. 

L'Xtundcd  tlian  in  Boarinan's,  the 
uuiuberti  expreseiiig,  instead  of 
fi'iMudtu  tliu  bursting  distances  in 
bundn-ds  of  paces  of  29^  inches 
in  Ifugth  (l»-.7fl)- 

The  t'haryt'ivver  is  cast  in  a 
numld;  the  plate  to  cover  the 
priiiiitig  is  cut  out  with  seissors, 
and  the  i>»i»er  is  stamped  or  cut 
itiU  wiiU  n  stamp  or  jtuneli. 

'11)0  votit  loading  from  the 
oi>miH>sitiouH.-haiinol  to  the  niaga- 
iiuo  is  oK>*<'d,  to  prevent  the 
outrauiv  of  tMnnH^eition  when 
pn,"ss»ir\'  is  appiiod. 

(^no  >.»f  tlio  pKVC«  i»f  paper  is 
'.'.ow  iai«.i  in  the  l»i*tto:n  i-f  the 
i''.::»;'.:>ol,  and  0:1  it  is  plai-evl 
ovi:-.;v   a  Iiivor  of  moaitV.  ;vw- 

lol  i:raiv.s  rn.>y  ■.  o:-.  t, 
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l^^ftM'^  each  one,  and  is  based  upon  the  velocity  of  the 
"fimt  different  points  of  its  trajectoiy ;  so  that  the  maximum 
istanco  of  fire  for  the  eehrapnella  with  which  this  fuze  is 
eeigned  to  be  used,  is  fixed  at 

1700  paces,  (1393  yards),  for  the  fl  pounder. 
1800    "       (U75     "    ),    "    "  12 

1400     "        (1147     "    ),    "    "  24        "  howitzer  (15'). 

Thia  fuze,  Ulco  the  ori^ial  Boarmann,  was  designed  for  use 
rirli  R-hrapncll  shot,  and  is  always  used  with  what  tlie  French 
tall  an  vliiurateur  or  stopper,  which  is  made  usually  of  wrought 
The  eye  of  the  shell  is  divided  into  two  parta,  the  largest 
I  the  exterior,  and  called  the  eye  proper,  and  the  contracted 
nrtion,  next  to  the  interior,  called  the  table.  Into  tliis  latter  tlie 
topper  is  screwed,  and  ec/vefi,  witli  the  offset  between  the  two 
which  it  would  appear  more  apjiropriate  to  call  the  taUe),  to 
rcvcDt  the  soft  metal  of  the  fuze  from  being  driven  into  the 
liell  by  the  force  of  the  charge.  The  stopper  is  perforated 
rugh  the  center,  to  allow  the  passage  of  the  flame  into  the 

"nic  stopper  servos  another  purpose.  In  preparing  the  schrap- 
lell  the  balls  are  placed  in,  and  melted  sulpliur  is  usually  poured 
1  aruund  a  stick,  to  keep  the  balls  in  position.  When  it  hardens, 
ft  chamber  remains  for  the  powder.  After  tliis  operation,  as  it  is 
lot  desirable  to  place  tlie  fuze  in  position  until  the  shell  is  fastened 
V  its  sabot  and  all  prepared  for  use,  the  stopper  is  screwed  into 
ita  position,  to  protect  the  insi-ie.  To  prevent  its  rusting  it  is 
euvvrcd  with  a  cuat  of  varnish,  composed  of  one  part  asphaltnm 
and  one  of  oil  of  turjiontinc ;  end  after  tliis  is  dry  the  screw  is  oiled 
9  make  it  work  easy.  Before  screwing  the  fuze  into  ili«  place, 
be  hole  in  the  stopper  should  be  filled  with  powder. 

The  height  of  the  fuze  and  depth  of  tlie  large  part  of  the  eye 
f<|iial,  sfj  that  the  fuze,  when  in  its  place,  does  not  project 
(vond  tbc  surface  of  the  thell.  Tlie  fuze  being  in  position,  a 
■and  of  quick-match  is  fastened  in  the  priming-chamber  (6,  Fig. 
0,19),  bent  in  two  under  the  stud,  and  folded  hack  on  itself  on  top 
f  the  stud.  Tlie  chamber  16  then  closed,  by  setting  in  its  place, 
rith  a  punch,  the  primer-cover. 

The  joint  between  the  fuze    and  the  shell  is  hermetically 
",  with  a  mixture  of  six  parts  of  [wwdcred  chalk  and  one  of 
ik-^ead  and  liosecd  oil. 
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Tlie  fuze  is  further  protected  by  a  circular  piece  of  paper,  the 
fringed  edge  of  which  is  pasted  down ;  and  on  it  is  marked  the 
date  of  fabrication  of  the  fuze. 

To  regulate  the  fuze  to  any  particular  distance,  the  shell  is 
rested  against  the  nave  of  a  wheel ;  and  with  a  gouge,  after  tearing 
oif  the  paper-cap,  the  primmg-chamber  is  opened,  and  the  metal 
cut  through  to  the  composition  at  the  desired  point  on  the  scale. 
Tlic  gouge  is  now  placed  against  the  exposed  composition,  pei^ 
pendicular  to  the  face  of  the  fuze,  and  a  hole  made,  in  which  one 
end  of  the  strand  of  quick-match  is  inserted. 

When  the  piece  is  discharged,  the  quick-match  takes  fire, 
transmits  the  flames  to  the  composition  which  bums  in  both  di- 
rections from  the  cut.  In  one  direction  only,  however,  can  it 
coiuinunicatOfWith  the  magazine  of  the  fuze.  In  the  other  direc- 
tion it  bums  till  the  composition  is  consumed. 

Objections  are  raised  against  the  stopper  used  with  this  kind  of 
fuze,  as  follows.  It  complicates  the  manufacture  of  the  projectiles ; 
the  rusting  of  it  interferes  very  much  with  the  prompt  loading  of 
shells  which  have  remained  in  store  for  any  length  of  time ;  and 
the  screwing  and  unscrewing  of  it  when  the  shell  is  loaded,  is 
verj'  dangerous ;  it  is  stated  that  explosions  have  occurred  even 
in  screwing  and  unscrewing  the  bronze  cap  with  the  English 
naval  fuze.  Tlie  stopper,  however,  has  the  advantages  of  insur 
ing  the  bursting  of  the  shell  with  a  small  charge ;  of  protecting 
the  fuze  against  the  shocks  and  friction  of  the  balls ;  and  of  pre- 
venting the  balls  from  knocking  oflF  the  magazine  cover  and 
thereby  preventing  explosions. 

It  is  deemed  by  some  an  objection  to  this  fuze,  that  it  cannot 
be  primed  until  after  it  is  fixed  to  the  shell ;  but  this  objection  is 
of  but  little  importance,  since  it  is  found  that  the  composition 
when  laid  bare  properly,  takes  fire  without  the  assistance  of  the 
quick-match. 

Tlie  weak  point  of  all  these  Boarmann  fuzes  is  the  difficulty  of 
regulating  them  exactly  and  promptly  on  the  field  of  battle,  in  a 
dense  cloud  of  smoke,  and  especially  at  night ;  and  although,  when 
the  tools  and  trouble  required  with  the  old  fuze  are  remembered, 
this  objection  appears  of  little  moment  when  compared  with  the 
many  advantages  of  the  fuze,  it  assumes  a  greater  importance  in 
view  of  the  fact  that  a  remedy  can  be,  and  has  been,  found  for 
even  this  defect,  in  the  ingenious  invention  of  Captain  Breithaupt, 


BREixaAtrrr. 


289 


of  tlic  Anstmn  service.    TIiU  fuze  will  first  be  described,  and 

tlien  tlic  K])plication  uf  its  pnticiitlc  tu  the  BoaniianQ  fuze. 

BRBinutriT  Fuse.  Fig.  183. — This  fiize,  callud  by  its  inventor, 

the  J^Uld-artiUrry  J^usf,  because  he  designed  it  for  all  kinds  of 

Kttellfl  used  with  field  artillery, 

neeniblefl    in    its  igenerat     ap- 

p«ararico  the  Boaraiann  fuze,  and  ^^ 

and  Is  made  wf  a  mixture  of  tin  C~ 

wid  lead. 

ITie  body  of  it  is  formed  like 
H  that  of  the  Boarmann ;  but  the 
^h  onteidc  has  no  screw,  end  it  is 
^KI^KCvd  in  the  eye  of  the  slaOl  by 
■»• 

m 


lit.  1BI- 

of  a  projection  from  the  bottom,  which  is  threaded,  and 
rhich  screws  into  a  corresponding  aperture  at  the  bottom  of  the 


P«y« 


>tly  thesatiii'  tin'l  "I'ii  -.bjiniicl, 


I 


1^ 


The  composition  is  laid  in  cvi 
which  communicates  with  the 
tiiag&ztiiti  in  a  somewhat  ditfer- 
eat  way  fW>in  the  Boarmann  fuze, 
mt  ii  shown  iu  tlio  section,  Fig. 
lU. 

On  thetopof  the  part  A,  two 
mortises  are  placed,  in  which  tlie 
{HTOngs  of  the  screwnlrivcr  fit 
w3iei>  Mruwing  or  unscrewing  the  "       ^nTt 

ttua  from  the  eliell.     In  the  cen- 
ter of  thi*  part  also  is  a  socket,  with  tlic  thread 
of  a  screw  to  receive  the   end   of  the  prsMurt 
aerme,  which  is  represented  in   Fig.  185,  and  is 
made  of  iron. 

The  stopper  and  regulating  disk,  Fig.  1S3,  i 

ut  of  the  Mvmv  kind  of  metal  as  the  fuze,  and         nf.i». 

j  baa,  through   iU  center,  a  cylindrical  hole  for  tJic  jtassage  of 

\  the  prwfisure  scri;w.     A  sniall  priming  chamber  in  the  fiinii  of  a 

I  boppor,  is  placed  at  the  side,  one  of  the  lateral  proJL'ctions  of 

^vhtch,  marked  with  a  red  line,  serves  as  an  index  to  regulate  it. 

1  projection  on  its  surface  gives  a  hold  tu  the  finger,  to 

1  the  dink  on  itA  axis,  in  order  tu  bring  the  index  opposite  the 
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required  point  on  the  scale  of 
the  fuze.  A  piece  of  pliable 
leather  or  skin,  a  &,  is  pasted 
on  the  under  surface  of  this 
disk,  in  order  to  insure  con- 
tact throughout,  and  preserve 
the  composition  from  moisture. 
The  composition  is  pressed  in- 
to its  position  by  macliinery. 
It  is  meal-powder  for  schrap- 
nell  fuzes,  but  ordinary  fuze 
composition  for  the  fuzes  of 
other  sliells.  In  the  first  case 
the  fuze  bums  T'',  in  the  sec- 
ond 14^ 

The  regulating  scale.  Fig. 
187,is  a  rondelle  of  white  paper 
pasted  on  the  outside  upper 
edge  of  the  fuze.  It  is  made 
like  a  dial,  with  strokes,  half 
strokes,  and  quarter  strokes, 
radiating  from  the  center, 
corresponding  to  intervals  in 
the  combustion  equal  to  1', 
i'^,  J",  and  Y'  Upon  larger 
fuzes,  as  those  used  for  mor- 
tars and  large  howitzers,  the 
scale  can  easily  be  carried  to 
tV'^.  Tlie  rondclles  are  cut 
with  a  stamp-iron  or  punch. 
Care  must  be  taken  in  past- 
ing the  scale  on  to  make  the 
zero  of  it  coincide  with  the 
edge  of  the  solid  part  where  the  magazine  vent  debouches  into 
the  composition  channel. 

Tlie  priming  consists  of  a  small  strand  of  quick-match,  bent 
double,  with  the  bend  fixed  in  the  priming  chamber  by  means  of 
a  paste  of  meal-powder.  The  ends  are  free,  so  that  when  the  pri- 
ming is  uncapped,  the  ends  project  outside  the  little,  hopper- 
shaped  chamber. 


Section  on  ef. 
Fig.  IMi 

TOP.V'.ENV.  FINISHED  FUZE. 


Fig.  187. 
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The  priming-cap  is  a  Bmall,  circnlar-eidod  trajtiuioid  gf  gold- 
beaters' akin,  wliicli  is  pasted  over  the  priming  clianiher  by  ita 
four  udgea  to  protect  the  priming,  as  well  aa  tlie  fuze-coinpuBition, 
from  danijiiiese. 

A  roodelle  of  aoft  leather,  d.  Fig.  184,  is  cut  out  and  fitted 
on  the  bottom  of  the  fuze  around  the  bottom  stem,  as  a  packing 
to  the  joiut  between  the  eliell  and  fuze. 

The  magazine,  and  vent  leading  to  the  fuzo  composition,  are 
filled  vritli  fine  powder,  and  the  bottom  closed  with  a  tliin  sheet 
of  lead,  kept  in  its  place  by  four  notcliee,  a  coat  of  vamiah 
being  given  to  tlio  outside  to  keep  out  moisture. 

MonmsQ  the  Flze. — Unscrew  the  pressure-screw,  and  take 
off  the  disk.  Screw  the  fuze  carefully  into  ita  place  until  it  will 
go  no  farther,  when  the  upper  edge  of  tlie  fuze  will  be  even  with 
the  edge  of  the  fuzo-holc.  The  disk  and  presaure-Bcrew  are  now 
replaced,  and  tbe  latter  screwed  home,  and  kept  ao,  in  order  to 
^pjprotect  perfectly  the  composition. 

^H  To  GuAOE  THE  Fdzb  fok  Fikino. — ^The  shell  is  placed  upon 
^Bkft  knees,  tlie  cannoneer  squatting  down  for  the  purpose,  and  the 
"TWopcr  division  on  the  scale  having  been  indicated,  he  takes  the 
key  of  the  preasure-serew,  which  fits  on  its  head,  in  hie  right 
hand,  and  putting  it  on,  turns  the  screw  a  quarter  or  half  turn  at 
mo«t.  Tlion,  by  means  of  the  notch  on  the  disk  be  turns  this  till 
the  red  line  comes  in  front  of  the  proper  division  of  the  scale, 
tum«  the    preasure-screw  down   again  as  tight  as  possible,  and 

Kn  off  the  priming  cap. 
Adtamtaoks. — The  projectile  is  transported,  and  comes  upon 
field,  ready  for  use.  The  guaging  requires  the  exercise  of  no 
itrength,  and  presents  no  more  ditBculty  than  thut  of  the  hansse, 
u  in  both  cases  the  operation  conaista  in  simply  fixing  a  elide,  by 
means  of  a  screw,  at  any  desired  point ;  and  men  can  be  taught 
in  a  few  weeks  to  regulate  the  fuze  in  eight  or  ten  seconds. 

The  only  instrument  needed  to  regulate  and  fix  or  unfix  the 
ftue,  is  a  key  arranged  like  a  tap-wrench.    A  priming-wire,  nail, 
~  f  uiy  pointed  piece  of  metal,  could  be  made  to  supply  the  place 
t  the  key,  by  making  a  hole  through  the  head  of  the  preesure- 

In  caae  of  a  change  in  the  range  being  required,  the  faxe  it 
t  destroyed  by  being  regulaltd  once,  and  tlic  gnaging  can  be 
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corrected,  changed  during  tLe  firing,  or  the  cannoneers  be  exe^ 
cised  with  the  fuze  without  any  additional  cost ;  which  is  the  case 
with  the  forms  of  the  Boarnian  fuze  only  when  the  first  cut  made 
is  for  a  greater  range  than  is  subsequently  required. 

In  the  majority  of  cases  these  schrapnells  can  be  fired  with 
quite  as  much  rapidity  as  solid  shot.  And  the  anrununition  boxes 
may  be  packed  in  such  a  way  as  to  stow,  in  certain  part«,  a  certain 
number  of  shells  regulated  in  advance,  and  corresponding  to  the 
dittVront  distances  at  which  this  kind  of  projectile  is  usually  fired. 
Chalk-marks,  which  can  be  effaced  or  changed  at  pleasure,  will 
suffice  to  prevent  all  mistakes.  This  is  the  only  fuze  which 
possesses  this  great  advantage ;  and  the  efficiency  of  all  kinds  of 
shells  is  very  much  increased  thereby. 

The  ease  with  which  the  fuze  is  at  all  times  fixed  and  unfixed, 
enables  the  supply  of  loaded  hollow  projectiles  to  be  made  only 
when  they  are  required  for  service  in  the  field  ;  and  the  necessity 
will  not  exist  to  keep  them  for  an  indefinite  period  already  loaded 
in  the  magazines.  Tlie  charges  of  all  kinds  of  shells  can  be 
renu>ved  or  modified  at  any  time,  without  danger  and  at  short 
notice. 

This  fuze,  like  all  others,  is  not  devoid  of  defects.  In  guaging 
it,  the  pressure  screw  may  not  be  screwed  down  so  tight  as  to 
provout  the  flame  fn.>m  running  aloiig  t!ie  top  surtaceof  the  compo- 
sition ;  and  although  in  exporiment;\l  firing  the  index  may  be  ex- 
actly placovl  oppv»sito  tlie  proper  point  of  tlie  scale,  it  is  by  no  means 
certain  that  the  same  accuracy  will  be  attained  on  the  field  of 
battle,  in  the  heat  and  excitement  of  a  contest. 

It  may  be  that  the  leather  packing  will  l.;>e  its  pliability  with 
tiir.e,  and  no  long^T  pn^tect  the  conijvs:::o:i  frv-m  moisture.  This 
coif.'.l  be  avoivlt\l  bv  usiiiir  v:;!ca:iizoJ  i:idia-nil'ber. 

1:  IS  tiiou^ht  that  it  woulvi  be  a:i  i:::rr»:vo:i:cn:  to  enirmve  the 
sca'.o  :::v:i  the  :iio:al  irsclr'i'istcavlof  p':U':::^  ::  ^i:  a  strip  of  papen 
w;.:o;i  ::i  scrvioo  :>  liable  to  bo  won:  or  tor::  .a',  or  :he  graduation 

ArrL:o\r:ox  o?  thf  FsrTTUAvrr  Fs'^virL:-:  t».^  the  Bapex 
F.-^y. — Tl:c  l*r\'::l;a'.:v:  rVwTo  I:.ivir^  b^v::  iv.vtT.TcU  ii'^orrlie  B.^ar- 
::.ir.::  :iv..:  l^.ioii  :l:ic>  b.ai  Vff::  ^x:crsivc'.v  a,:..-  r^:  I  v  different 

•  •  K 

•.:.i:l .  ::?^  a  ^rx?,;:  objev':io--  a^ii>:  its  adjv::o-  wi?  :le  oxter^ive 
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inges  reqnircd  in  tlie  eyes  of  the  bIicUs  already  mannfactured. 

D  obviate  ttiii  difficulty,  it  is  proposed  to  transform  the  Baden 

■to  tiie  Breithaupt  fuzo,  by  means  of  some  slight  changes,  which 

affect  tlic  form  or  exterior  dimcnHlonB,  nor  its  scale  or 

bmpoeitlun  channel. 

By  comparing  the  fuze  thus  transformed,  Fig.  188,  with  the 

rcitbaupt  fuze,  it  will  be  found  that  whereas  in  the  last  the 

naging  acato  ta  fixed  to  the  body  of  the  fuze  and  the  index  to  the 

iOT«blo  disk,  the  regulating  of  the  fuzo  being  effected  by  turning 

B  Inttor  around  until  the  index  is  bronght  opposite  to  the  proper 

loint  on  the  scale,  in  the  transformed  fuze  directly  the  reverse  is 

e  case ;  the  index  being  on  the  body  of  the  fuze,  tlie  scale  on 

he  di^,  and  tlie  guaging  done  by  bringing  the  desired  point  of 

B  scale  opiMsite  the  indes.    This  index  is  formed  by  making  a 

pt  witli  a  fine  saw  in   the  edge  of  the  fuze  metal,  and  filling  it 

Hth  a  mixture  of  strong  paste  and  red  paint. 

In  making  this  transformed  fuze,  the  body  of  it  should  be  caet 

^Buch  a  way  that  the  height  of  the  composition  channel  should 

B  at  least  double  what  it  is  when  the  fuze  is  finished,  the  excess 

f  metal  being  turned  off.     The  double  height  of  tlie  channel 

sight  be  re](lao(n1  by  an  auxiliary  channel  for  charging,  made  in 

I  steel  diflk,  fixed  over  tlie  other  channel  by  means  of  a  pin  in  the 

intral  hole  made  for  the  pressure  screw. 

The  solid  part  of  the  fuze  compriswl  between  the  two  ends  of 

B  composition,  should  be  of  the  same  lengtli  as  one  of  the  divi- 

iona  on  the  scale. 

When  the  composition  has  been  compressed  in  its  place,  its 

N:tion  should  be  as  near  as  possible  s(|iiai-e. 
Tlio  vent  between  the  comjiosition  and  magazine  should  enter 
B  former  on  the  left  of  the  solid  part  of  the  metal. 
Hie  index  should  correspond  with  the  right  edge  of  the  solid 
part. 

TIio  scale  should  be  numbered  from  left  to  right,  like  tlie  face 

fa  watch;  and  the  right  edge  of  the  priming  chamber  should 

icido  vrilb  the  left  limit  of  the  first  division  of  the  scale. 

To  avoid  error,  a  sm&ll  mark,  in  relief,  like  the  figures  of  the 

talc,  U  placed  diagonally  in  the  right  exterior  angle  of  each 

[ruiaB,  to  indtcato  the  point  which  must  be  placed  opposite  the 
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It  is  stated  that  tliia  fuze  will  neither  be  dearer,  cor  more 
difficult  to  make,  than  the  Baden.  The  Beat  of  the  graduating  disk 
has  to  he  cat  in  the  lathe,  and  the  disk  itself  stamped  in  a  die. 

To  preserve  the  fuze  better  when  attached  to  the  shell,  it  is 
recommended  to  place  over  it  a  cap  made  of  canvas,  impervious 
to  water,  which  is  pasted  around  the  edge  of  the  eye,  and  has 
sewed  to  it  a  piece  of  cord,  by  which  to  tear  it  off  before  the  fnie 
is  used. 

This,  like  the  Breithaupt  fuze,  can  be  used  witli  the  schrapnell 
and  all  other  shells  in  field  service  ;  and  by  making  tbcm  of  a 
larger  diameter,  or  decreasing  the  rate  of  burning  of  tlie  compoei- 
tion,  they  can  be  equally  well  used  with  shells  of  a  larger  caliber. 

Such  is  the  proposition  made  in  Delobel's  Review  for  1857, 
making  the  old  system  of  schrapnell  conform  to  Capt.  Breithaupt's 
system,  without  making  any  change  in  the  eye  of  the  aliell. 

For  those  which  are  still  in  the  magazines  convenient  to  the 
arsenals  of  constructions,  it  appears  to  me  that  the  simplest  way 
would  be  to  make  the  form  and  dimensions  of  the  eye  conform  to 
tliose  of  the  new  fuze :  as,  from  appearance,  a  verj'  little  cutting 
would  make  the  table  of  the  eye  large  enough  to  receive  the  lower 
part  of  the  Breithaupt  fuze ;  and  the  upper  part  would  not  require 
much  reaming  out  to  make  that  of  the  proper  size  for  the  body  of 
the  fuze ;  and  no  stopper  would  be  required. 
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Sucli  is  the  Bo«ni»iui  fiue,  vith  iu  latest  itnproreoiMit,  for 
which  a  tmiTersal  adoptum  is  prediclaL  It  has  add«d  Immeuor- 
My  t(i  the  iiajtortanoe  and  e&cieacj  of  the  ioTeotiom  c^  Genenls 
Svlirapodl  aod  Paixban ;  for  witboot  a  good  ejetaa  of  fusee, 
Ec}irai>i)Hll  shot  and  paizfaan  ganfl  may  weQ  be  called  "  bodies 
without  BouU." 

Of  tlicee  sercral  forms  of  tbe  Boan&aim  fiue,  the  orig;ina]  is  the 
only  one  which  has,  as  vet,  made  its  appearance  in  this  conatrv. 

SFLniojtRo  FrcK. — ^Reference  has  been  made  to  thu  fuse 
bvcnted  br  Capt.  SpUngard,  as  a  pnmuDent  riral,  in  exeellcaou, 
of  the  Boarmann  fdaea. 

This  fuze,  indented  in  1S46,  was  declared  in  lSi9,  br  the  cele- 
brated Capt.  de  Brettes,  to  folfill  better  than  anj  one  then  knomi 
thu  conditions  required  in  a  fuze  fcr  echrapn^.     At  that  time, 
however,   the   Boarmann  fuze,  although  it  had  bven   invented 
a  number  of  fears,  was  not  known  out  of  Belgium,  being  long 
kept  aa  a  state  secret.     The  Boarmann,  and  eepeciallj  the  Bret- 
thaopt  modification  of  it,  rtaods  now  at  tbe  head  of  a  long  list  at 
ingenions  inTentioQS,  ss  tbe  best  fuc  in  existeoee. 
H^      It  has  long  been  recognized  as  a  bet,  that  tbe  fuze  eompori- 
^■do,  driven  in  a  wooden  ^  metallic  case,  tightly  fitting  the  eye 
^Bff  the  shell,  IB  liable  tu  many  injuries  from  shocks  in  and  out  of 
^^kt  bore,  by  which  tiw  oompostion  is  broken  and  cracked  in  sncb 
^B  way  aa  to  gire  passage  to  the  flame  and  cause  premature 
^■Kpluaioiis. 

^^  Various  were  the  means  adopted  to  overcome  this  difficulty, 
snd,  among  others,  may  be  mentiotiBd  the  cutting  tbe  inndo  of 
I  tbe  caae  Into  groofes  Uke  a  screw,  and  afterwards  in  the  form  of 
HlDgsaot  commnnieating  with  eadi  other,  as  the  scrcw-shafie  was 
^BiDul  sometimes,  after  the  wood  bad  shmnk,  not  to  fulilll  the 

F  Sneb  a  defect  was  more  especially  noticed  in  echrapnell  shot, 
the  thin  sides  and  ibort  bearing  surface  for  the  fuze  in  tbem, 
ffwiriffg  the  abuelu  to  be  more  forcibly  transmitted  to  the  com- 
postion. 

OapL  Splingard,  by  hti  invention,  which  has  met  with  the 
most  comptc-te  looccss,  has  succeeded  in  isolating  tlie  eomiuMition 
~  1  nch  a  way  as  to  protect  it  completely  from  the  injurious 
•  of  these  sbocka. 
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Tlie  fuze,  Fig,  189,  consists  of  two  parte.  The  fv&e, 
properly  bo  called,  and  the/uze-plug. 

The  first  is  a  email  cylindrical  tube  of  hammered 
copper,  the  upper  end  of  which  swells  ont  so  as  to  form 
a  kind  of  cap  to  hold  the  priming,  and  prevent  the  case 
from  heing  driven  into  the  shell  when  tlie  piece  is  fired. 
This  tube  is  filled  with  composition  in  the  usual  way,  a 
conical  opening  one-tenth  of  an  inch  high  being  Irft  in 
the  bottom  in  order,  when  the  flame  reaches  that  point, 
that  a  larger  surface  may  be  ignited,  thus  rendering  more 
certain  the  explosion  of  the  sliell.  The  cnp  is  primed  with 
mealed  powder  moistened  in  alcohol,  and  a  piece  of  qnick- 
mateh  ;  and  both  tliat  end  and  the  other  one  are  closed 
with  rondellea  of  paper.  The  whole  fuze  is  covered  with 
a  varnish  into  which  glaring  coloring  matter  has  been 
mixed,  in  order  that  the  fuzes  may  be  easily  distinguished 
apart,  difierent  compositions  or  lengths  being  used  for  the 
different  distances. 

Tubes  of  tin  with  the  edges  soldered  together,  may  be 
used  instead  of  copper. 

FczK-PLro,  Fig.  190  — ^The  fnze-plug  is  made  of  wood,  and  fits 
the  fuze-hole.  Tlie  opening  in  the  fuze-plug 
la  in  two  parts ;  the  upper,  conical  m 
shape,  widening  downwards  Tlie  other 
cylindrical,  and  only  a  little  greater  in  i 
diameter  than  tlie  copper  fuze,  and  much 
less  than  the  upper  part  of  the  opening 
Tlic  upper  part  is  fitted  witli  a  cork  ha^- 
ing  an  opening  just  large  enough  to  allow 
the  entrance  of  the  fuze 

Tlie  fnze-plng  is  only  a  little  longer 
than  the  fuze  corresponding  to  the  longest  ^'-  '*•■ 

distance.  On  the  exterior  of  the  upper  part,  a  number  of  grooves 
are  cut  around  the  fuze-plug  to  keep  it  in  the  eye  of  the  shell,  by 
placing  around  it  a  piece  of  leather,  which,  on  its  lower  part,  is 
pasted  to  the  fuze-plug.  To  increase  the  elasticity  of  the  upper 
part  of  the  fuze-plug,  four  cuts  longitudinal,  are  made  with  a  saw 
nearly  as  far  down  as  the  bottom  of  the  cork. 

The  lower  end  of  the  fuze-plug  ie  crossed,  perpendicular  to  its 


i,  by  a  semi-cylindrifal  groove,  designed  to  prevent  the  balla 
tlio  Hliells  from   obstmcting  the   outlet  of   the   fuze.      The 
kening  in  the  plug  le  stopped  with  a  wooden  plug  tmtU  just 
efore  firing,  when  it  is  replaced  ^^y  the  fuze. 

Fonr  or  five  fuzes  of  different  lengths  and  of  diflert-nt  eolore, 
bdScc  for  service  with  a  12-pdr.  at  all  distances. 

AnviSTAOM. — Tlic  advantages  claimed  for  this  syetem,  are: 

B  simplicity  and  certainty  for  field  service ;  its  allowing  the  iiao 

if  a  small  fnze-phig,  and  coiiEcrpicnth',  fuze-hole,  the  eizo  of  which 

lliy  be  the  same  for  all  shellf.    Tlie  decrease  in  the  eize  of  the 

e-hole,  maltea  the  ahell  afrnnger,  and  by  offering  greater  reu&> 

^ee  to  the  force  of  the  powder,  inereases  the  number  of  pieces 

Jfcen  it  bursts.    TIio  exterior  surface  of  the  projectiles  is  more 

ftform,  as  is  also  the  mode  of  manufacturing  them. 

T  The  fuze  is  small  in  volume,   and,  conaeqaently,  easily  pre- 

Tod;  ite  nintuifactare  IB  simple  and  olieap.     Its  use  causes  no 

bger  in  loading  and  unloiidlng  projectiles,  nor  any  in  traiu- 

tjog  tliem,  as  tlie  fuze  is  istMated. 

[  The  umil&rity   between   this    syetem   and   the  paper   fnzea 

din  the  United  States' service,  will  be  at  onec  seen;  though 

t  gone  one  step  farther,  and,  making  the  fuze-tube  of 

town  that  a  conical  fonn,  fitting  in  a  conical  opening  in 

e-pltig,  rcndera  superfluous  the  use  of  the  cork  heading  to 

late  the  comj^HJsilion  from  tlio  eifiect  of  the  shocks   of  the 

jDJcctile. 

A  great  improvement  in  onr  paper  Aizes  would  be  made  by 

Vling  tlic  U£0  of  colors  to  deiiignale  their  rale  of  buniing, 

taring  them  of  a  uniform  color,  and  marked  with  a  contrasting 

)r,  witli  rings  corresponding  in  number  with  the  nnmber  of 

ioudfl  which  the  fuzo  bums ;  or,  what  would  be  better,  instead 

r  riuge,  stripes,  running  tlie  length  of  the  fuze.     Sometimes, 

hen  firing  at  short  distances,  the  fuzes  are  cut  in  two  or  three 

1,  Mid  need  on  subsequent  occasions ;  so  that  were  rings  used, 

e  designation  of  the  fuzu  might  be  lost.     Using  different  colors, 

■rbttrarily,  to  de»ignate  the  rate  of  burning,  requires  an  effort  of 

the  memory  to  recollect  themetliod,  whilst  the  stripes  or  rings  tell, 

Bt  a  glance,  the  rate  of  burning  of  the  fuze. 

Fuxe«  on  exactly  the  same  principle,  and  some  of  them  copied 
from  the  8plingard,  have  been  adopted  la  eereral  of  the  European 


armies,  among  the  rest  those  of  Bavaria,  Norway,  Sweden,  and 
the  Nether  lauds. 

In  tlie  Norwegian  system,  the  fuze^aae  is  made  of  paper, 
instead  of  copper. 

United  States  Sea-Coabt  Fuze.— In  the  United  States,  a 
hronzc  fiize-phig  has  been  adopted  for  nso  with  heavy  abellfl,  m- 
stead  of  tlie  wooden  one.  It,  however,  fits  the  eye  in  the  same 
way,  and  is  retained  by  friction. 

It  having  been  found  that  ricochets,  more  especially  over 
water,  were  very  apt  to  extinguish  these  fuzes,  a  safety-cap  and 
primer  combined,  have  been  adopted  in  the 
navy,  and  found  to  succeed  very  well.  Fig. 
191.  A  recess  in  the  top  is  filled  with  priming 
composition  and  covered,  until  the  fuze  is  re- 
quired for  use,  with  a  leaden  disk  which  fits 
accurately  the  opening.  A  crooked  passage 
filled  with  the  priming  conveys  the  fire  to  the 
fuze-composition  beneath,  and  prevents  water  t 
from  being  forced  in,  at  least  in  sufficient  j 
quantity  to  extinguish  the  fuze. 

Another  modification  adds  to  the  security  ' 
of  the  fuze,  and  removes  one  great  objection 
to  the  use  and  storage  of  loaded  shells  on  ship- 
board. Tills  consists  of  a  small  leaden  plug, 
A,  Fig.  191,  which  fits  the  interior  end  of  the 
fuze-2>lug,  and  remains  there  until  the  shell  is 
fired,  when  the  shock  of  the  explosion  forces 
it  out  by  blowing  tlie  less  dense  shell  away  '  Hg  wl 

from  it,  exactly  as  it  is  stated  a  recent  powder-e^plosion  in  the 
streets  of  AVilmington,  Del.,  blew  the  horses  awaj  from  the  shoes 
on  their  feet.  No  shock  less  than  that  from  a  charge  of  powder 
is  sufficient  to  produce  this  result,  so  that  even  were  the  shell 
dropi>ed  from  a  considerable  height  on  the  end  of  tlie  diameter 
opposite  to  the  fuze-hole,  the  plug  would  not  leave  its  position. 
Or  if,  by  any  accident,  the  leaden  disk  of  the  primer  should  be 
displaced,  and  the  fuze  take  fire,  the  shell  would  not  explode.  In 
view  of  tlie  increasetl  danger  on  board  shii),  and  the  terrible  acci- 
dents which  have  happened  from  shells,  this  improvement  is  a 
most  important  one.    By  means  of  it  the  abells  can  be  loaded,  the 
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ftixM  set,  and  notliiiif;  reraain  to  l)e  done  except  to  remove  llic 
leadon  dink  of  tLe  primer  when  the  ehell  is  placed  in  the  f!iin. 
The  importance  of  tlie  safetv-priuier  ie  Been  when  it  ia  otnted  that 
fonr  out  of  five  fnzee  are  extinguished  by  ricoclit^ing  on  the  water. 
The  best  metliod  of  filling  these  fuzes  is  hy  mBchlnery,  as,  no 
matter  how  ekillful  the  workman,  it  ie  not  to  he  expected  that  he 
c»n  use  exactly  the  same  amount  of  force  at  each  blow,  and  with- 
out this  the  composition  is  not  uniformly  compressed,  and  cannot 
bam  equal  lengths  in  equal  spaces  of  time.  , 

In  the  navy,  a  machine  for  the  purpose  has  been  in  use  since 
1846.     It  cousifits  of  a  driving  shaft,  moving  vertically  through 
I  wrought-iron  tube,  which  has  on  the  exterior  a  strong  square 
j«d.     On  this  works  a  nut  by  means  of  a  disk  attaclied  to  it  of 
Dcient  diameter  to  create  the  requisite  power,  and  on  the 
)er  Hide  of  the  disk  a  set  of  levers  is  placed. 
The  paper  cases  are  placed  in  steel  moulds,  which  fit  so  exactly 
B  exterior  of  the  cases  as  to  support  them  against  the  pressure 
lUod  to  tlic  composition.     Two  or  more  of  these  moulds  are 
]  on  the  edge  of  the  circular  plate  on  the  lower  part  of  the 
^fttme,  which  revolvca  bo  as  to  bring  the  moulds  in  snccefiiiion 
ofldcr  the  driving  shaft, 

A  ladle  full  of  the  composition  is  poured  in  the  case,  and  the 
^'^tift  (which  is  of  the  same  size  as  the  mandril  on  which  tlio  cases 
^■pe  made)  placed  in  position.     Tlie  plate  ia  then  revolved  around 
B^Btil  tbe  drift  is  brought  nudcr  the  driving  shaft,  the  exact  posi- 
tion  being  determined  by  a  spring  catch,  which  works  into  a 
notch  in  the  edge  of  tlio  plate. 

The  disk  being  given  a  quick  whirl  by  the  handlefl,  tlie  shaft 
I  imeeaAB  and  tltu  [ircssure  ii  continued  until  the  sound  of  a  hell 
•  notice  that  the  lever  has  risen,  and  the  action  of  the  ma- 
B  ceased.     Tlie  motion  of  the  disk  is  then  revemed,  raising 
I  ahaf^   RufHciently  to   aU^w  the   plate   to   be   revolved,  and 
Mher  ease,  already  filled  with  roiT)]K>Bition,  brought  into  posj- 
1  under  the  wbaft.     This  operation  is  continued  nnti!  the  col- 
li of  coropresecd  composition  is  rather  longer  than  required, 
I  the  fuzes  are  removed  from  tlio  mould,  and  pluci.'d  in  others 
_  f  the  exact  length,  the  projecting  poniuns  being  cut  off  with  a 
fharp  knife. 
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• 
The  power  applied  is  usually  2200  lbs.    The  composition  is 

doubled  in  density,  and  becomes  very  hard  and  firm. 

The  usual  charge  of  compoi-ition  is  not  more  than  Bufficieat  to 
make,  when  compressed,  a  column  equal  in  height  to  the  diameter 
of  the  fuze  cliannel,  and  more  uniformity  is  obtained  by  using  a 
less  height  than  this. 

Fkench  Scurapxell  Fuze. — ^Tlie  French  who,  strange  to  say, 
appear  to  have  paid  less  attention  to  the  perfecting  of  schrapnell 
^hot  than  many  other  nations,  have  not  in  consequence  much  of 
a  variety  of  perfected  fuzes.  The  good  use  made  by  the  French 
troops  in  the  affair  of  Traktir  with  this  projectile,  y^iST^ 
seems  to  have  been  the  cause  of  more  attention  being     f  \ 

directed  to  these  important  proj  ectiles  and  their  fuzes,     j^  ^— ^  J 

The  fuze  made  use  of  is  represented  in  Fig.  192, 
and  is  made  of  hard  wood,  having  three  channels 
parallel  to  its  axis.  Tliese  are  filled  to  different 
heiglits  with  composition,  corresponding  thus  to 
three  different  bursting  distances.  Eacli  of  tliese 
channels  is  provided  with  a  tin  tube  in  which  the 
composition  is  placed.  n,,  ^m, 

Tlie  longest  channel  is  alwliys  left  open.  Tlie  otlicr  two  are 
closed  with  a  covering  of  leather,  over  which  is  placed,  for  the 
shortest  columns,  a  disk  of  rose-colored  paper,  for  tlie  other,  one 
of  blue.  On  these  paper  coverings  ai*e  marked  the  distances  at 
which  the  columns  will  cause  explosion.  Tliese  distances  are 
also  placed  on  the  face  of  the  fuze  near  the  top  of  the  chan- 
nels. 

Tlie  fuze  is  capped  with  a  rondelle  of  fringed  paper,  over 
which  is  placed  a  plain  rondelle  of  parchment  with  a  piece 
of  tape  attached,  by  means  of  which  the  fuze  is  uncapped. 

The  proper  channel  is  opened,  and  should  a  mistake  be  made, 
and  the  wrong  one  opened,  it  is  only  necessary  to  moisten  the 
leather  and  replace  it,  opening  the  right  one. 

The  composition  in  the  three  channels  bum  in  1^'',  2i",  and 
3i". 

It  is  proposed  to  modify  this  fuze  by  adding  a  fourth  column, 
intended  to  bui'st  the  shell  at  only  250  yards'  distance ;  but  at  this 
short  distance  canister  shot  will  do  quite  as  well,  if  not  better, 
than  schrapnell. 


This  fuze  pngsosses  one  iniportnnt  ailvnntnge.  It  tnnvLc  it-gn- 
lated  very  proniptl_T  by  men  who  do  not  know  Iiow  to  rcftd.  It 
might  even  be  done  in  the  dark  hy  replacing  the  different 
eolLircd  paper  disks  by  knots  or  beads  fixed  to  the  priming 
cord. 

ncselAX  FrzK. — Tliis  fnze  cnsista  of  a  fiize-plug  made  of  a 

iiiixtnre  of  lead  and  tin,  conical  in  shape,  the  head  of  which 

)  ri.jecl*  beyond  the  external  surface  of  the  sliell.  and  of  a  pa]>er 

j/f,  filled  with  fine  powder  rammed  hard,  which  is  introduced 

!iiio  the  fuze-pUig  jo&t  before  firing. 

There  are  two  seta  of  theee  fuzes,  and  three  lengths  in  each, 
"  ich  hum — 

In  the  first  set,  2J ",  4 ",  and  5". 
"      Bceond,  8^'',  4}".  and  5j''. 
Thi^e  were  the  fiizea  nscil  by  tlie  RuBeians  in  the  Crimea, 
e  which  a  new  Bystcw  Ims  been  adopti'd,  in  which  the  fuze- 
It  i»  made  of  papier  maeli^.  and  the  fuze-tube  of  lead. 
•  TTic  nnmber  of  fuzes  ih  increased  from  three  tn  five,  and  ent 
iiiteruie<tiate  distances,  wiUi  a    kind  of  scieeora  csi^'ially 
bpted  U)  tlie  purpose 
The  plug  IB  cast  in  inouldi*.  and  has  at  the  top  of  the  opening  • 
^eop  in  which  Uio  head  of  the  faze,  similarly  formed,  fits.    To 
K  the  ping  in  the  smooth  eye  of  the  shell,  the  upper  part  of  it 
I  wrapped  with  hemp  eonked  in  liquid  paste,  and  it  is  then  driven 
"Into  the  eye.     A  bronze  fuzo-hamiiior  is  made  use  of  to  force  the 
fuze  (o  ilie  bottom  of  the  fnze-ptug.  The  ojicuing  in  which  is 
stopped  with  tow,  nntil  the  fiize  is  needed  for  use. 

Ohjtttiont. — The  principal  objection  to  these  Russian  fiizes 
I  lite  fact  that  on  the  field  of  battle  it  is  ncceuery  before 
5  them  to  choose,  regulate,  cut,  and  fix  tliem  in  the  projec- 
i,  which  ubjection  is  hj  much  the  more  important  in  view  of  the 
Mt  improvements  in  range,  accuracy,  and  rapidity  of  firing 
mlly  made  in  small  amie. 
The  prccediug  arc  the  prineij>al  fuzes  which,  up  to  this  time, 
have  been  experimented  upon  and  adopted  by  different  nervieea. 
Tliey  are  all  called  timt  fiiz««,  hci-anse  the  explonion  of  the  slieUs 
with  which  they  are  uiied  takes  place  after  a  certain  lapse  of  time, 
depending  on  the  length  of  the  fusing  column.  Tlic  time  which 
u  required  to  eonsuine  a  certain  length  of  column  is  determined 


303  FL'ZEa 

by  experiment  beforehand,  and  the  fuze  ii7)ied  before  being  used, 
by  appropriating  a  certain  number  of  these  lengths  to  a  shell 
which  requires  a  corresponding  space  of  time  to  move  from  the 
piece  to  the  point  where  it  is  required  to  burst. 

Concussion  Fuzes. — Many  and  various  attempts  have  been 
made  to  construct  fuzes  which,  from  the  shock  of  a  shell  when 
striking,  will  communicate  fire  to  the  charge  and  explode  it. 

A  concus&ion  fuze  may  be  defined  to  be  one  which,  taking  fire 
like  an  ordinary  fuze,  when  the  gun  is  fired,  continues  to  bum 
until  the  striking  of  the  shell,  when  the  shock,  by  producing  some 
change  in  the  condition  of  the  fuze,  transmits  fire  to  the  charge. 

Such  a  fuze,  in  order  to  be  serviceable,  must  not  only  produce 
explosion  on  striking,  but  it  must  not  produce  it  from  the  shock 
of  the  explosion  of  the  gun-charge,  nor  of  that  produced  by  the 
ricochets  of  the  projectile  in  or  out  of  the  gun. 

These  fuzes  have  usually  consisted  of  some  combination  of  the 
highly  explosive  fulminates.  But  the  extreme  danger  of  using 
these,  and  the  fearful  accidents  which  they  are  liable  to  cause, 
have  been  great  obstacles  to  their  adoption. 

The  definition  for  a  concussion  fuze,  as  given  above,  is  not 
without  its  objections ;  as  undoubtedly  tlie  name  is  just  as  applic- 
able to  any  other  arrangement,  not  including  a  burning  fuze, 
wliich  sets  fire  to  the  charge  on  striking.  Tlie  distinction  is  made 
for  the  sake  of  convenience ;  and  only  such  as  are  described  by 
the  definition  will  be  included  under  the  head  of  concussion  fuzes. 

The  attempts  made  to  construct  these  fuzes  date  from  a  very 
early  period ;  and  probably  many  of  these  attempts,  although 
partially  successful,  never  became  known,  on  account  of  the  very 
general  disposition  to  keep  secret  such  inventions,  in  order  that 
the  authors  of  them  might  derive  all  the  benefits  resulting  from 
their  discoveries. 

As  early  as  the  year  1637,  mention  is  made  of  shells  which 
took  fire  on  striking  the  gi'ound ;  and  at  various  periods  since 
that  time  such  shells  have  been  experimented  upon, — many  act- 
ing on  the  principle  of  having  the  part  near  the  fuze-hole  made 
heaviest,  in  order  to  strike  the  ground  first.  If  it  were  possible 
to  carry  out  this  principle  with  any  sort  of  certainty,  the  whole 
problem  of  concussion,  or  rather  that  oi percussion^  fuzes  becomes 
solved.    Tlie  moment,  then,  that  the  principles  of  the  rifle  are 
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BIppUed  to  largo  guns,  so  as  to  project  elongated  cannon-balla 

point  foremost,  as  undoubtedly  tliej  will  be  sooner  or  later,  tho 

meana  of  exploding  sbells  on  striking,  or  at  a  verv  ebort  timo 

after  striking,  become  as  Bimple  as  those  used  to  fire  off  a  musket. 

L         It  is  not  necessary  to  describe  all  the  different  attempto  made 

■  to  attain  the  desired  object.     Many  of  them  proved  successful,  so 

pfer  as  tlie  arrangement  of  the  fuze  was  concemc^l    That  is,  the 

'  shells  exploded  when  they  happened  to  strike  in  a  certain  way ; 

but  the  great  difficulty  still  existed  of  compelling  them  to  strike 

in  that  way. 

In  IS'IS  or  1846,  Holland  purchased,  from  the  Duke  of  Nor- 
mandy, the  secret  of  a  i)ercuseion  projectile,  which  is  said  to 
bare  succeeded  very  well;  but  the  construction  of  which  has 
never  transpired,  having  been  entrusted  under  oath  to  only  two 
or  tlirce  officers  of  that  country.  It  is,  however,  known  to  be 
of  an  extremely  costly  and  complicated  mechanism,  tliat  fulmin- 
l  powder  is  used  in  its  conetruction,  and  that  it  can  be  used 
oiy  at  very  short  distances.  So  tlmt  probably  at  this  time,  when 
llie  Splingard  concussion-i^izc  is  known,  tlie  secret  can  be  of  but 

0  importance. 

In  tliis  country,  an  ingenious  contrivance  has  been  suggested 
md  experimented  npon  for  some  years,  tliough  it  is  believed 
ritli  no  very  decided  euccess.  It  consists  of  a  broiuco  fute- 
plng,  solid  at  the  outer  end,  and  having  in  the  l>ody  a  square 
ipartmonl,  from  which  a  vent  leads  into  the  interior  of  tlio 
kU.  The  sides  of  tliis  little  chamber  aru  lined  with  a  coating 
'  percussion-powder,  with  the  exception  of  the  parts  in  thu 
jles,  and  a  email  portion  of  each  of  tho  faces  which  are 
-pendicular  to  the  axis  of  the  fiize-plng.  In  the  face  far- 
t  from  the  head  of  tlie  plug,  a  small  threaded  hole  is  placed, 
'  L<  purpose  of  holding  in  pof^ition  a  little  metal  ball,  with  a 
rca<]f<l  stem  attached.  This  stem  is  screwed  into  the  hole,  the 
r  end  of  tho  plug  being  movable,  for  tho  adjustment;  the 

1  is  attached  to  a  Habot,  with  the  fuze  to  the  rear.     When  the 
I  fired,  the  little  ball  breaks  loose  by  tho  shock,  strikes 

jftinst  thv  tij'iiOKite  face,  where  there  is  no  fulminate,  and  <lrops 
e  lowest  part  of  the  chamber  of  tho  fuzo,  where  it  roIU 
until  the  ahell  strikes,  when  the  coccusdoo  between  it  attd 
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tlie  fulminating  po^vdcr  produces  tlio  explosion.  It  is  presnmed 
the  percussion  ball  is  made  of  bronze,  or  some  other  metal  mwe 
dense  tlian  tbat  of  the  shell. 

Tiiis  fuze  is  open  to  the  objections  of  all  ftizcs  in  which  per- 
cussion powder  is  used.  It  requires  great  nicety  of  adjnstmentto 
insure  the  breaking  loose  of  the  ball  from  its  stem ;  and  if  this  last 
is  too  small,  die  ball  m&y  break  from  its  position  whilst  the  shell 
is  being  handled,  and  produce  seriouB  accidents. 

Several  of  these  fuzee  succeeded  admirably,  but  do  definitely 
reliable  results  were  obtained,  and  I  liavouot  lieard  that  any  sub- 
Bcquent  trials  have  been  more  successful. 

Both  these  last  mentioned  fuzes  would  be,  under  the  defim 
tion  given,  not  concussion,  but  percussion  fuzes ,  but  they  are 
mentioned  here  merely  in  giving  a  historj  of  the  diflerent  mven 
tions  for  making  ehella  explode  on  strikmg 

Pkcssluj  Fuze. — From  1S41  to  184",  numerous  experiments 
were  made  in  Prussia  upon  a  concussion  fuze  in\  ented  in  that 
country,  on  an  entirely  different  priiici  ' 
jile  from  any  yet  iiientioued ;  and  al 
though  the  success  obtained  with  it  lias 
not  been  such  as  would  warrant  a  very 
Btn)ng  recommendation  in  its  favor,  a 
dc-seription  of  it  may  not  be  entirely  un 
productive  of  benefit. 

The  fuze,  Fig.  193,  consists  of  three 
difi'ereut  parts. 

1.  Tlie  body  of  the  fuze,  or  fuze-case, 
which  holds  the  other  parts,  and  is 
screwed  into  the  eye  of  the  shell,  the  top 
being  flush  with  the  outer  surface.  Tliis 
part  has  been  constructed  of  both  ntetal 
(bronze  and  cast  iron)  and  wood.  Tlic 
interior  is  divided  into  two  parts,  both 
cylindiical,  and  with  the  same  ft.\is.  ' 
Tlie  one  nctt  the  outside  of  the  shell  i 
much  the  largest  in  diameter.  This  case 
was  made  the  same  size  for  all  calibers, 
but  that  part  destined  for  the  reception 


the  fiue-con»i)06itioa,  is  longer  for  fuzea  which  ore  to  be  fired 
itb  AiDuIl  chargtis  thao  for  tlioee  with  wliich  large  chargce  are  to 
be  used. 

2.  The  percuseion  apparatus  consists  of  a  email  g1a»a  tabe, 
hcrtut<tica]l)-  closed  at  botli  ende,  partly  fillud  witb  concen- 
trated Bulphuric  acid,  and  wrapped  witli  cotton  thread  soaked  iu 
a  eutnposition  composed  of — 

70  parts,  by  weight,  of  chlorate  of  potassa, 
10        '*     '  "         floM-erBofeulpbiir, 

20        "  "         while    eiigar,   pulverized,   sifted,   and 

listened  with  alcohol. 

Tljja  coveriDg  ia  put  on  of  such  a  thickness  that  the  tube  can 
be  inserted  in  a  paper  case  which  serves  it  as  an  envelope, 
wliich  fits  partly  into  the  smaller  opening  in  the  fuze-caae, 
partly  into  the  thimble-shapod  breaker  of  lead,  which  ts  in- 
it  in  the  large  part  of  the  ojiening,  and  which  is  rep- 
lied in  Fig.  \&i. 
Sd.  llie  composition  column.    The  explosive  appa-  i 
18  being  in  po&ition,  there  remains  between  tbe  tbini- 
te  and  the  sidw  of  the  fnzo-eaee  a  vacant  space,  whicli  I 
is  filled  witb  compressed  meal-powder  filled  in  by  means  I 
of  a  hollow  drtl^  the  interior  diameter  of  which  is  •little  I 

iter  than   the  diameter  of  tl)e  thimble.     When  the    m.  im. 
{position  reaches  the  top  of  the  thimble,  uncompressed  mealed 
duf  is  filled  in  to  the  top  of  the  caae. 

Should  tlie  firing  take  place  under  such  short  ranges  as  to  mn 

ri»k  of  not  coneumitig  all  the  composition  by  the  time  the 

•trikes,  the  time  of  combiietion  is  shortened  by  piercing  the 

oomposition  with  a  small  auger,  in  a  direction  parallel  to  the  side 

of  Uie  thimble,  and  to  the  depth  deemed  necessary;  or  the  rate 

of  burning  of  the  composition  may  be  increased  for  short  ranges, 

mixing  with  it  14  per  cent,  of  pulverized  charcoal, 

Oa  being  fired,  the  tluniblo  or  breaker  being  eujiported  by  the 

poHltion  around  it,  is  not  disturbed.     But  as  this  takes  fire 

an  ordinary  fuze,  and   bums  down  to  the  bottom  of  the 

er,  it  leaves  tliis  unsupported  ;  and  if  the  composition  ia  all 

[omed   when  the    shell    strikes,   tho  shock   overthrow!  the 

.ker,  ruptoring  the  glass  lube,  setting  free  the  sulphuric  acid, 

exploding  the  shell. 


of  a  I 


D 
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The  same  objections  may  be  nrged  against  this  as  against  all 
those  in  which  fulminating  powder  is  used.  It  is  of  delicate 
construction  and  very  dangerous,  at  least  appears  so  to  any  one 
not  experienced  in  its  use,  whilst  the  experiments  made  with  it 
are  far  from  demonstrating  its  success.  Those  made  with  a  24-pd. 
mortar,  fired  witli  a  charge  of  4  lbs.  of  powder,  and  an  elevation 
of  15"^  over  a  sandy  plain,  resulted  as  follows, — 

55  exploded  at  the  1st  point  of  fall 
7        "         in  the  bore,  or  in  leaving  it 
In  100  shottt  fired.  ^       6        "         at  the  2d  point  of  fall,  or  beyond  that. 

26  did  not  bant,  altliongh  Uie  explosive  apparatus  acted. 
7  did  not  burst  from  the  failure  of  the  apparatus  to  aot. 

or  about  60  per  cent,  succeeded,  including  the  explosions  at  the 
2d  point  of  fall. 

With  a  short  24-pd.  gun,  and  a  charge  of  2^  lbs.  at  400  paces, 
fired  against  a  target  formed  of  skids  6^'  square,  the  result  was  as 
follows, — 

^^     ^   ,        ^     -  )       14  exploded  on  strikiug  the  target. 

Of  100  shots  fired,  y      „«        u         •    *u    i  •     i       •      •* 

' )       S6        "         in  the  bore,  or  in  leaving  it 

With  a  11-inch  shell  gun,  15  lbs.  of  powder,  and  at  an  eleva- 
tion of  1°  and  2°,  without  a  target,  and  using  two  variety  of  fuzes, 
numbered  1  and  2,  the  fuze-case  in  the  last  being  made  of  elm, 
the  result  of  100  shots  was  that 


and 


21  succeeded,  and  )       ^..^j^  ^r^  ^  ^^^ 

79  failed.  C 


70  succeeded,  and  )       ^.^^^  ^.^  ,  ^^^^^ 


SO  failed, 

With  a  10-inch  shell  gun,  8  lbs.  of  powder,  under  1°  and  9*^ 
elevation,  out  of  100  shots  fired  with  Xo.  2  fuze, 

93  succeeded, 
7  failed. 

With  large  howitzers,  charges  of  10  Uis.  and  5  lbs.  under  from 
li°  to  13°  of  elevation,  and  with  fuze  No.  1  made  of  beech  and 
acacia  wood  :  The  beech  case  gave,  out  of  100  shots. 

44  successful,  and 
5G  failures. 

Tlie  acacia  case  gave, 

20  successful,  and 
80  failures^ 
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Tliese  experiiaent*  go  to  ehow  tliat  tlie  best  materia!  for  tlie  1 
fuze  case  h  beech-wood,  and  the  worst,  east  iron. 

ScaossTKHT  FczE.  In  1853  Capt.  Scbonetwlt,  of  Ilollainl, 
inrcDted  a  fuze  very  similar  iii  its  action  to  thu  Prussian,  bat  had 
the  Hflrautage  of  acting  both  as  an  ordinary  fuze  and  as  an 
explosive  one,  and  In  liaving  neither  fulminating  powder  nor 
sulphuric  acid  in  ite  construction.  Tlie  principal  points  of  differ- 
ence between  the  two,  will  be  readily  seen  by  inspecting  figure  195. 

The  case  is  made  of  a  mixture  of  lead  and 
tin,  and  the  bottom  part  of  it  is  made  tl^iiek 
enough  to  allow  the  cutting  of  a  side-channel, 
which  enters  the  central  one  near  its  end. 

Tho  breaker  is  similar  to  the  one  in  the 
Pnissian  fuze. 

A  tube  uf  glass,  open  at  both  ends,  and 
vrapped  »o  aa  to  fit,  as  in  the  Prussian  fuze 
takes  tlie  place  of  the  closed  tube. 

Tlie  side-channel  is  filietJ  with  ordinary   [ 
fazt>-eomposition,  and  the  8]iace  around  tl  e 
tltimble  with  a  com]>ositiou  which  bums  out  i 


The  glass  tube  is  filled  with  fine  powder 
and  %  strand  of  quick-match,  tho  lower  end   | 
of  which  Inst,  is  inserted  in  the  mouth  uf  tho 
udc-channel,  where  it  enters  the  central  one 

Wlien  the  shell  is  fired  tho  quick  compo- 
sition takes  fire,  and  being  consumed  in  2  , 
seta  fire  to  that  in  the  sidu-chauncl,  at  the  ' 
eame  time  that  it  leaves  the  breaker  unsup-  | 
ported.    This  npsets  by  tho  shock  of  striking, 
and  tlio  Same  in  the  side-channel  communi-  | 
eating  with  ttie  powder  and  quick-match  in 
the  broken    gla&s   tube,  explodes    tho  shell. 
Id  caM  the  explosive  apparatus  does  not  act, 
Uie  shell  arts  like  one  with  a  time  f^ize,  and 
8xp1o(]««  when  the  ftide-channel  composition  bums  out. 

Triala  made  with  this  fuze  in  a  long  2+-pd  howitzer,  gave  the 
following  reaultd,  out  of  31  shots,  fired  at  a  distftuce  of  bOO  and 
TOOpocca: 


12  shells  turst  at  tlie  let  point  of  fall. 
5         "        "         «'    2d         »  " 

2        "        «        "    3d        "  " 

1        "        «        «    4th       «  « 

II  did  not  buret  at  all,  the  fuzes  being  extingniahed  bj  the 
sand  over  wliicli  they  ricocheted. 

Although  this  fuze  has  tlie  advantage  of  diBi)eDeing  with  the 
dangerous  contrirance  in  the  PnisEian  fuze,  tlio  reealts  obtained 
are  not  ae  satisfactory  bb  tliose  with  the  latter,  and  are  not  of 
such  a  nature  as  would  recommend  it  as  a  reliable  concussion 
fuze. 

Snoeck  Fuze,  Fig.  196.  We  come  now^ 
to  a  fuze  of  an  entirely  different  conatruc-l 
tion  from  any  yet  described.  It  is  tlie  fl 
invention  of  Capt.  Snoeck,  of  the  Nether-  " 
land  Artillery,  and  was  tried  in  Holland, 
in  1854. 

Its  construction  is  based  upon  the 
property  whidi  cast  zinc  possesses,  of 
being  hard  and  tenacious  at  ordinary 
temperattircB,  but  very  brittle  when  liontcd 
to  from  160°  to  200"  Reaumer,  (417°  to 
482  F),  Hence,  a  zinc  fuze  might  resist, 
when  cold,  the  shocks  of  the  charge,  and 
balloting  in  the  bore  ;  but  when  heated 
sufficiently  by  the  burning  composition, 
would  break  from  the  shock  of  the  falling 
projectile,  and  communicate  fire  to  tlie 
charge. 

The  fuze  consists  of  a  sliort  wooden  ^^  ^•*- 

fuze-plug,  fitted  in  the  interior  with  a  cork  collar,  through  which 
the  fuze  passes;  and  the  fuze  proper,  which  consists  of  a  zinc 
tube  of  a  tnmcated  conical  form,  having  at  the  top  a  projecting 
band,  wliich  secures  the  tube  in  its  position,  and  at  the  bottom 
a  solid  part,  which,  by  its  weight,  assists  in  breaking  the  tube 
when  the  shell  strikes.  This  tube  is  filled  with  ordinary  fuze 
composition. 

Tliis  fuze  ia  eonatrneted  on  a  principle  very  similar  to  the 
Splingard,  but  its  euccesa  has  been  much  less  satisfactory. 
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Tlie  trials  vere  made  \rUli  a  24-j)d.  bronze  gun,  n^ith  a  charge 
raibfl.  of  i.owt]er{l  kil.). 

Som«  of  Ilie  fuze-plugs  were  made  of  pnlm-wood,  and  others 
'  beech.  The  cork  collar,  the  object  of  which  is  to  iusure 
;omplete  cloning  of  the  fuze-i)lug,  was  about  ,'j  ia.  thick. 

Three  kinds  of  fuzes  were  used,  differing  only  in  the  tbick- 

)  of  the  eidcs  and  the  form  of  the  projecting  ring  at  the 
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King,      CjUiiilric*),  0.DU3  (hick.      ConicaL  Couical. 

i  That  part  of  the  fuzo  touching  the  fuze-plug  is  made  rough,  to 
a  adhcfiion. 

The  lower  half  of  the  conijiosition  was  firmly  packed,  as  in 
■dlnary  ftizea ;  but  the  upper  half,  only  aufficieutly  bo  to  keep  it 

1  becoming  detached  by  the  discharge  of  the  gun  or  the  rico- 
lets  in  the  bore.    TIic  upper  half,  burning  rapidly,  eliould  raise 

I  tompemtnro  of  the  zinc  to  the  required  point  in  a  Eecoud, 

prikilst  the  lower  half,  burning  slowly,  should  retain  the  fire  to 

|>lo<)e  the  shell  when,  by  its  striking,  the  tube  is  niptured. 

oanal  priming  of  mealed   powder   and  quick-match  waa 

Six  tinloaded  eliells  were  first  fired,  to  ece  if  the  tubes  resisted 
B  charge  of  tlic  gun  and  were  not  broken  by  the  ricochets  in 
B  bore  or  on  tlie  ground.    Of  these — 

2  were  forced  into  the  projectiles  and  broken  to  piccca. 

3  sHCeoeded  completely,  and 
1  did  not  take  fire. 

Twelve  shells  were  (hen  fired  loaded  with  small  charges,  and 
B  fuze  Xo.  1,  to  see  if  the  tubog  broke  at  the  Qnt  point  of  fall, 
f  tlie«o— 

1  wa»  not  rccovcrL-)l. 

1  did  not  take  lire. 

8  exploded  at  the  first  point  of  full. 

1         "         late  after  striking. 

1  in  which  the  cfiect  was  not  noticed. 

Twenty-four  shells  were  next  fired,  12  with  the  Xo.  3  fdxc. 
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and  12  with  No.  3,  with  increased  charges  in  the  shells.    Of 
these — 

3  No.  2  fuzes  and  1  of  No.  3  became  detached  on  leaving  the 

piece. 
1     "    "    "    "      2      "      "        '*        "    before  the  Ist  point 

of  fall. 

4  "     "    "     "      1      "      "  exploded  between  150  and  280 

paces  beyond  the  1st  point  of 
fall. 
4.    a    a    a    u      5      a      a  -^-hog^  explosions  were  not  no- 
ticed. 

3  "     3     "  exploded  at  the  1st  point  of  fall. 

The  fuze  No.  1  having  succeeded  the  best,  was  the  only  one 
used  in  the  rest  of  the  experiments,  after  reducing  the  length  of 
the  solid  part  at  the  end. 

Of  15  shots  fired — 

4  were  exploded  before  the  1st  point  of  fall. 

3     "  "        from  100  to  960  paces  beyond  the  1st  point 

of  fall. 

7    "  "        at  the  1st  point  of  fall. 

1  the  fuze  did  not  take  fire. 

Considering  only  the  fuzes  No.  1  in  the  2d  and  4th  trials,  it 
will  be  seen  that  60  per  cent,  succeeded,  16  per  cent,  exploded 
late,  whilst  an  equal  percentage  exploded  prematurely.  For  the 
first  trial  with  a  new  fuze  this  is  quite  favorable  enough  to  have 
warranted  new  experiment*  with  a  view  of  modifying  and  per- 
fecting the  invention.  But  these  do  not  seem  to  have  been  under- 
taken, probably  because  the  Splingard  fuze  becoming  known,  it 
has  been  deemed  better  suited  to  the  exigencies  of  service. 

The  statement  regarding  the  proi)crties  of  zinc  is  not  exactly 
true ;  for  this  metal  is  brittle  at  ordinary  temperatures,  and 
become  malleable  at  a  few  degrees  above  100°.  It  becomes  lara- 
inable  when  heated  to  between  120°  and  150°,  and  below  or  above 
these  limits  it  becomes  brittle.  These  facts  may  serve  to  explain 
some  of  the  irregularities  observed  in  the  bursting  of  tlie  shells. 

It  is  possible,  that  firing  at  short  distances,  the  burning  com- 
position does  not  heat  the  tube  suflSciently  for  it  to  reach  its  maxi- 
mum brittle  point  at  its  first  point  of  fall ;  and  on  tlie  contrary, 
in  firing  at  great  distances,  the  temperature  of  the  tube  may  be 
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i  80  Iiigh  &8  to  inflaiDG  the  powder  in  contact  witb  it ;  that 
D  from  365"  to  270°  R.  Were  this  the  fact,  the  tardy  explo- 
sions are  explained  on  tlie  first  supposition ;  and  tlie  spontaneous 
C'xplusiuns,  taking  place  between  the  first  and  second  ricochets, 

tthe  second. 
It  would  be  well,  therefore,  to  detcrmino  beforehand,  liy  ex- 
imente  with  stationary  tubes,  to  what  degrees  of  temperature 
f  are  heated  from  the  commencement  to  tlie  end  of  the  bnm- 
iog  of  the  com|>oBition  ;  using  for  this  purpose  thin  bars  of  differ- 
ent fusible  alloys,  forming  a  thcrmometric  Bcriea  of  four  or  five 
8  between  150°  and  270",  stating,  also,  the  relative  degree  of 
tluncna  at  different  points  during  the  combustion. 
wit  may  be,  aa  was  thought  by  the  Holland  Commission,  to 
leli  this  fuze  was  referred,  that  the  prematnro  explosions  may 
mr  from  the  tube  becoming  so  brittle  aa  to  be  broken  by  the 
rement  of  the  charge  in  the  shell,  or  by  the  inertia  of  that  part 
tie  tube  between  t£e  solid  end  and  the  point  of  rnpture.  It 
jbt,  tlicn,  be  advantageous  to  surrouud  the  tube  with  ao  open 
jfttl),  witb  DO  bottom,  of  nearly  the  same  diameter  of  the  fuze- 
tgy  sad  fastened  to  it  in  such  a  way  as  to  protect  the  tube  from 
■  chock  of  the  charge;  at  the  same  time,  giving  two  points  of 
K>rt  near  its  end  to  the  end  of  the  tube,  to  prevent  the  latter 
B  breaking  of  its  own  weight.  An  open  tin  cylinder  with  tlie 
K  spaces  large  enough  to  allow  the  broken  part  of  the  tube  to 
ft-ont,  would  serve  the  i)tirpoBe ;  tliough  tlic  exi>erirae»ta  upon 
rature  and  brittleness  of  the  fuze,  as  recommended  in 
tding  pAragrapli,  might  indicate  tliat  a  progrcefiiTe 
if  tiiicleness  of  the  tube  would  obviate  every  difficulty. 
t  ezplosious  in  tlie  bore  of  the  piei-e  may  arim  from  tho 
ago  of  tlie  flame  between  the  sides  of  the  fuze-i'Iiig  and  oyo 
e  sliell,  or  between  the  fuze  and  fuze-plug.  This  could  be 
uined  by  firing  some  shells  with  no  composition  in  thefnzea; 
I  if  it  was  found  to  be  tho  fact,  it  would  be  well  to  make  the 
Iplug  of  pasteboard  and  fix  it  in  the  eye  by  wrapping  it  in 
iked  in  Uiinid  paste,  as  is  done  with  tlic  Kussian  fuze,  and 
}  the  height  of  tliu  cork  collar,  and  wcu  make  it  bo 
$<0  ieolati)  thu  fuze  entirely  fr>;m  the  plug,  as  in  the  Splin- 
i  fuze.    If  this  isolation  should  be  found  to  interfere  with  tho 
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breaking  of  the  tube  at  the  point  of  fall,  this  could  be  remedied 
by  increasing  the  weight  of  the  solid  part  at  the  end. 

To  prevent,  in  casting  the  tubes,  the  formation  of  small  holes 
or  defects  which  might  give  passage  to  the  flame,  or,  from  the 
consequent  thinness  of  the  metal  at  those  points,  cause  explosion 
of  the  charge  by  heating  the  metal  there,  it  is  proposed  to  make 
the  fuzes  from  rolled  tubes,  which  could  be  cut  to  the  proper 
length,  heated  to  120°,  and  the  solid  end  and  reinforce  band 
stamped  on  them. 

With  tliese  proposed  improvements,  it  is  thought  this  fuxe 
might  be  very  much  increased  in  value.  It  is  simpler  in  its  con- 
struction and  cheaper  than  Splingard's,  and  being  smaller  in  size, 
may  be  applied  without  difliculty  to  the  eyes  of  existing  shells  of 
all  calibers.  Although  constructed  on  a  similar  principle  to  that 
of  the  Splingard  fuze,  yet,  as  a  distinct  fuze,  the  merit  of  the 
invention  certainly  belong  to  Capt.  Snoeck;  as,  after  all,  in  inven- 
tions of  this  kind,  he  is  entitled  to  the  credit  of  making  them, 
who  first  brings  together  into  a  perfect  whole  the  scattered  de- 
ments of  a  plan,  and  shows  its  successful  operation.  This  seems 
to  be  the  idea  of  the  great  artillerist  (who,  by  his  invention  of  the 
shell  system  for  long  guns,  gave  suqh  an  increased  efficiency  to 
the  fire  of  artillery),  when  he  says  : 

"  We  have  invented  nothing,  innovated  nothing,  and  almost 
changed  nothing ;  we  have  simply  united  the  scattered  elements, 
to  which  it  sufficed  to  give,  with  a  little  attention,  the  proper  size 
and  proportions  to  attain  the  important  end  we  had  proposed." 

He  is  not  the  inventor  who  suggests  tlie  possibility  of  certain 
results  following  certain  combinations,  and  allows  his  idea  to  lie 
dorinant  imtil  practically  tested  by  others,  when  failure  leaves  all 
the  odium  on  the  practical  man,  but  success  raises  up  many  com- 
petitors who  are  ready  to  produce  the  evidence  of  their  prior 
claims,  to  the  exclusion  of  him  who  is  the  first  to  demonstrate  that 
what  has  been  predicted  as  possible,  cannot  be  otherwise  than  as 
he  has  shown  it.  All  great  inventions  have,  therefore,  their  dis- 
puted claimants,  and  those  in  military  science  form  no  exception 
to  the  rule. 

Splingard  Concussion  Fuze. — This  fuze,  invented  by  the 
same  Belgian  captain  whose  admirable  system  of  time  fuzes  had 
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I-  alrcadj  placed  his  nnnie  in  the  first  rank  of  fuze  inventors  in  1846, 

first  hvcame  generally  known  in  1S50,  although  it  liad  tlicn  been 

tiiarentad  20  jeare.     During  this  period  the  knowledge  of  it  was 

retained  in  Uelginm  as  a  sttLto  secret ;  and  it  would  probsLIv  still 

^Tfi  remained  eucH  hut  for  the  corruption  of  Boiiie  agent  not 

f  against  the  indiiceiitents  offered  to  diviilge  it.     It  became 

n  in  England  and  Holland,  when  it  was  deemed  adxnsable 

9  Belgian  govenmient  to  allow  a  description  of  it  to  be  pub- 

cd ;  which  was  done,  as  tnuch  as  anything  else,  for  the  pur- 

c  of  forestalling  the  action  of  the  specnlators  and  couoterfeit- 

i,  who  sought  to  sell  the  secret  to  foreign  governments. 

e  fiiee  is  charoctenzed  by  its  simplicity,  and  easy  manufof'- 
1,  by  ita  general  application  to  all  sliclls,  and  by  the  total 
■nee  of  all  those  dangerous  fulmiDating  powders  so  generally 
I  in  concuBsion  and  pcrcuasion  fuzea  np  to  the  invention 
"fl  one.  In  case  of  need,  too,  the  present  wooden  one  could 
■withont  mnch  diSienlty  bo  converted  into  a  concussion  fure.  It 
la  perfectly  safe  in  the  hands  of  the  artillery-man  or  in  the  ntag- 
•zi&r,  and  cheap  enough  to  be  generally  need. 

Tbo  fuze  consists  of  two  parts,  the  yttse  prcrpfr,  Fig.  197,  and 
Utfae  ttvtbplug. 

'  The  ftwe-case  is  made  of  cartridge  paper,  cylindrical  in  form. 
•nd  filled  with  the  ordinary  fuze-romposition,  iu  the  center  of 
which  is  a  hollow  conical  tube  of  plaster  of  Paris,  open 
mt  the  bottom ;  through  which  passes  the  flame  when 
tboconc,  Icf^  unsupjmrtcd  by  the  bnniing  away  of  the 
composition  around  it,  breaks  v^  from  thu  shock  of  the 
falling  ihell. 

A  strong  paper  is  used,  and  is  rendered  incombnsti- 
■Uo  by  imtnursion  in  a  solution  of  sulphate  of  ammonia. 
The  fuze  ii«  filltid.  like  a  rocket,  on  a  spindle,  iiiting 
nail  charge's,  and  taking  care  to  pack  the  composition 
irell ;  or  it  may  be  driven  solid  and  bored  out  after- 
vvda.  In  thu  bottom  part  of  the  fuze  a  slow  compo- 
tf  tion  U  umkI,  next  to  that  a  quicker  one,  and  in  the 
ji  part  mealed  powder. 
The  sarfaco  of  tlio  oiwning  in  the  composition  i« 
iDvercfl  with  om:  or  two  coats  of  gum-lac  varnish. 

:  this  is  [wrfectly  dry,  plaster  moistened  with       n(.iN. 


314 


FUZES. 


water  is  packed  into  tlie  opening,  so  as  to  fill  it^completelj ;  and 
while  it  is  still  soft,  a  small  spindle  is  thrust  in  along  the  axis  to 
such  a  depth  as  not  to  pierce  the  top  of  the  cone.  The  proper 
direction  is  given  to  this  spindle  by  a  guide  which  is  placed 
against  the  bottom  of  the  fuze,  and  through  which  the  handle  of 
the  spindle  slides. 

No  fissures  are  formed  between  the  plaster  and  composition, 
as  the  plaster  enjoys  the  property  of  increasing  its  volume  when 
combined  with  water. 

The  slow  composition  extends  only  a  very  little  above  the  top 
of  the  plaster  tube,  in  order  to  leave  it  unsupported  very  soon 
after  fire  is  communicated  to  that  part.  In  this  way  the  same 
fuze  may  be  employed,  either  at  very  small  or  very  great  dis- 
tances. 

The  fuze-plug,  Fig.  198,  is  of  wood,  and  of  the 
same  form  on  the  exterior  as  an  ordinary  wooden 
fuze.     The  interior  is  formed  of  three  parts  : 

1st.  The  upper  and  largest  part,  in  which  is 
fitted  a  cylindrical  collar  of  cork,  through  which 
the  fuze  is  passed,  and  held  in  its  position  there  by 
friction,  isolated  from  contact  with  the  rest  of  the 
fuze-plug.  This  arrangement,  as  in  Splingard's 
time-fuze,  protects  the  composition  from  the  shocks 
of  the  discharge  and  ballotings  in  the  bore. 

2d.  The  middle  part,  which  slightly  exceeds  in 
diameter  the  diameter  of  the  fuze-case ;  and 

3d.  Tlie  lower  part,  which  is  very  narrow,  with 
the  double  object  of  allowing  the  passage  of  tlie 
flame  into  the  shell,  and  forming  an  offset  for  the 
lower  end  of  the  fuze  to  rest  upon. 

To  prevent  the  powder  in  tlie  shell  from  enter- 
ing the  fuze,  a  piece  of  light,  open  stuff",  like  gauze, 
is  pasted  over  the  bottom  of  the  fuze-plug. 

Employment. — ^The  fuze-plug  being  fixed  beforehand,  the  fuze 
is  not  introduced  until  just  before  firing.  For  the  operation,  no 
tool  is  required,  it  being  pushed  in  simply  with  the  hand. 

In  mortar-firing,  the  head  of  the  fuze-plug  may  be  allowed,  as 
usual,  to  project  beyond  the  surface  of  the  shell,  as  there  is  no 
danger  of  its  being  crushed  by  the  revolution  of  the  shell  in  the 
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bore ;  bnt  with  long  pieces,  and  eepecially  with  tboec  of  largo 
caliber,  it  tunst  be  allowed  to  project  as  liltlc  as  jMjSBible.  Hie 
shell,  too,  in  such  cases,  should  be  attached  to  a  sabot,  as  solid 
and  stable  as  poesiblu,  in  order  to  resist  the  eiTort  to  rotate, — a 
matter  of  considerable  importance  under  like  uircumstauccs,  no 
matter  what  kind  of  fuze  is  used. 

Experiments  with  this  fuze  were  made  at  Liege  in  1S50,  and 
were  bo  favorable  as  to  cause  their  continuance  the  following  year 
at  BraMchaet,  where  a  11-in,  (29*)  mortar  was  used,  firing  at 
an  angle  of  60°,  and  a  distance  of  6U0  paces. 

Out  of  224  shell  fired, 

S(H  Bnrst  nt  the  moment  of  striking. 
13     "      after  falling,  and  when  all  the  fuze  had  burnt  out. 
3     "      preniaturelj",  near  the  end  of  tlieir  i^ight. 
S  Did  not  burst,  3  of  wliich  in  consequence  of  the  fuze  not 
taking  tire. 

More  favorable  reaulte,  as  far  as  mortars  are  concerned,  could 
scarcely  be  dc«ired. 

Some  of  the  shells,  loaded  with  the  service-charge  (4  lbs.)  wore 
fimd  against  blindages,  and  showed  tliat  they  had  time  to  pene- 
trate before  the  ex^>lo6ioiis  took  place, 

A  24-pdr.  howitzer  was  next  tried,  with  4  lbs.  of  powder, 
firing  at  a  distance  of  600  paces.     Out  of  81  shots  fired, 
10  Burst  at  the  1st  point  of  fall. 
17      "         "       2d       " 
4      "     in  the  pieec. 

Tlie  eyes  of  these  shells  were  so  Email  that  tho  heads  of  the 
fbies  {•rojected  more  than  nn  inch,  which,  in  all  probability, 
eaawd  the  4  explosions  in  the  piece. 

TliB  17  tardy  exitloeions  are  accounted  for  by  the  fact  that  the 
fuiea  used  were  made  for  mortar-firing,  in  which  the  projectile 
niuvcB  comparatively  slow,  and  the  composition  burnt  too  slowly 
to  uncover  Buttieicnt  of  the  plaster  to  allow  rupture  to  take  place. 
At  the  second  point  of  fall,  a  greater  distance  was  left  unsupported, 
and  the  shells  were  exploded  by  the  shork. 

Tlie  obvious  remcdiea  in  tlie«o  two  cawa,  are  to  quicken  the 
bunting  of  tlie  com]w>aition,  and  make  tho  fuze-plngs  of  auch  a 
nze  as  not  to  allow  any  portion  to  project.  Tlicse  niodificationa 
have  been  mode,  and  BubBcc|nent  yearly  experiments  have  fully 
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demonstrated  the  complete  Buccess  of  the  faze  in  pieces  of  all  Cil- 
ibers  and  kind. 

The  principle  of  the  concussion-fuze  being  of  more  import- 
ance in  firing  against  vessels  at  sea,  or  on  the  sea-board  from  sea- 
coast  defenses,  than  under  any  other  circumstances,  it  is  a  matter 
of  considerable  importance  to  know  whether  the  shell  will  burst 
while  in  the  side  of  a  vessel,  or  if  the  action  of  the  fuze  is  not  so 
quick  as  to  burst  the  shell  before  it  has  penetrated  sufficientlj 
into  the  wood  to  produce  its  proper  effect. 

Experiments  made  in  1853,  with  long  guns  of  large  caliber 
and  strong  charges,  fired  against  a  target  composed  of  a  double 
thickness  of  strong  beams,  proved  conclusively  that  the  time 
which  elapsed  between  the  striking  of  the  projectile,  the  breaking 
of  the  tube,  the  transmission  of  fire  to  the  charge,  and  the  explo- 
sion, is  precisely  what  it  ought  to  be  to  allow  the  shell  to  become 
properly  imbedded  in  the  wood. 

The  application  of  these  fuzes  may  be  universal ;  on  board 
ship,  in  sea-coast  defences,  and  in  the  attack  of  permanent  works ; 
whilst  the  power  to  burst  at  will  field  howitzer  shells  at  their  first 
point  of  fall,  will  very  much  increase  the  eflScacy  of  field  how- 
itzers, simplify  their  rules  of  fire,  and  their  supplies ;  and  even  in 
sieges,  ricochet  and  enfilade  fires  are  increased  in  power. 

In  addition  to  those  advantages  already  mentioned,  may  be 
stated,  the  ease  with  which  the  fuze  is  prepared  for  use, — simply 
pushing  it  into  the  fuze-plug  without  any  previous  preparation. 

Tlie  perfect  freedom  from  danger  in  its  use,  and  the  little  lia- 
bility there  is  for  its  bursting  anywhere  within  the  first  point 
of  fall. 

Tlie  ease  with  which  it  is  preserved  in  magazines,  requiring  no 
more  care  than  is  used  with  portfires ;  an  important  quality  in 
view  of  the  difficulty  of  preserving  fuzes  driven  in  wood. 

Tlie  reduction  of  the  large  supply  of  loaded  shells  now  kept 
on  board  ship  and  in  magazines,  at  imminent  risk  of  destructive 
accidents ;  a  much  smaller  supply  being  all  that  is  now  necessary, 
in  consequence  of  the  ease  with  which  these  fuzes  are  filled ;  and 
even  where  the  shells  are  loaded,  the  fuze-plugs  can  be  stopped 
with  a  good  cork,  and  the  fuze  left  out  till  the  last  moment. 

The  simplification  which  its  adoption  causes  in  the  whole  fuze 
system  for  hollow  projectiles.    The  number  of  these  fuzes  for  all 
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pftUbem  will  be  but  two,  whilsit  tlie  same  fuzo-plug  can  be  need  for 
all  (boUi  time  and  concuasion  fuzes),  the  two  differing  only  in  the 
pr(«eDcc  or  abecnce  of  the  plaster  tube ;  the  time-fiizee  being  reg- 
ulated for  different  distances,  as  in  the  Norwegian  service,  by  a 
longitudinal  cut  made  in  the  paper  of  the  fuze.  Ttie  time  and  ex- 
plosive fuzes  could  be  designated  by  different  colors  painted  ou 
the  oases,  and  a  regulating  scale  would  bo  all  the  addition  neces- 

t*ary  with  the  former. 
ft  is  possible  experiment  may  show  that  this  fuze  ^nll  act  if 
the  principle  of  isolation  is  omitted ;  as  there  seems  to  be  but  little 
reason  to  suppose  that  tbe  composition  or  plaster  would  be  more 
liable  to  rupture  than  in  the  ordinary  wooden  fuze, 
I  was  induced,  soon  after  becoming  acquainted  with  this  fuze, 
to  make  some  experiments,  using  metal  as  a  fuze-plug,  and  glass 
tabes  instead  of  plaster.  Tlic  means  at  hand  for  making  tbef\izcs 
were  of  a  very  inadequate  kind,  and  otlier  circumstances  interfered 
to  pat  an  end  to  the  trials.  Some  of  the  fuxes  succeeded ;  but  the 
unfitness  of  tile  glass  as  a  material  in  place  of  plaster,  was  fully 
demonstrated  when  it  was  discovered  that  the  burning  composi- 
tion, whetlier  outride  of  the  tube,  or  inside  as  in  Snoeck's, 
completely  fuzed  the  glass  ;  and  this  was  found  in  some  cases  to 
hire  been  melted  down  so  as  to  lose  all  appearance  of  tbo  original 
fonn. 

When  the  composition  was  not  driven  on  the  tube  as  a  spindle, 
bnt  placed  in  afterwards,  it  was  found  necessary  still  to  make  Qse 

I  of  a  thin  coating  of  semi-fluid  plaster,  in  order  to  completely  close 
the  joint  between  tho  composition  and  tho  glass,  to  prevent  the 
flame  from  running  down  along  it. 
pEicocseiuK  Kt'ZEs. — A  percussion  fuze  may  be  defined,  one 
,  which,  leaving  tho  piece  without  being  inflamed,  communicates 
fire  to  the  ehargt^^  at  the  moment  the  slu-ll  strikes,  by  means  of 
•omc  change  pro'lncml  in  its  construction  by  the  shock. 

They  have  usually  been  constructed  by  making  use  of  some  of 
tbe  dangerous  fulminating  powders;  but  even  those  which  have 
k  ^v«n  iho  gruattNtt  promise  of  success,  have  t))ia  great  objvetioa 
L  against  Uiem,  and  are  of  a  complicated  and  delicate  constrne- 

I    ttOQ. 

ThcAG  fuzce  are  of  more  importance  in  naval  warfare  than  nny- 
i  wboTG  vUe^  and  we  find  both  England  and  !■' ranee  provided  with 


percuBsion  fnzes  for  the  use  of  their  navies.  Both  the  sy&teniB  an 
very  complicated ;  and  but  for  the  importance  attached  to  them  in 
those  countries,  it  \7oiild  scarcely  be  deemed  neceasary  to  enter 
iuto  a  minnte  description  of  them. 

Fbehch  Fuze,  Fig.  199 
This  fuze,  the  invention  of 
Capt.  Billette,  consists  of 
a  wrought-iron  fuze-plug 
to  which  is  attached  tlie 
explosive  apparatus.  The 
plug  is  screwed  into  the 
eye  of  the  shell,  stopping 
it  completely,  the  rest  of 
the  apparatus  being  insido 
the  shell. 

In  two  side  channels 
are  fixed  by  friction,  by 
means  of  pieces  of  parch- 
ment, two  email  tubes  of 
hard  wood,  one  filled  with 
chlorate  of  potassa,  the 
other  with  sulphuret  of  an- 
timony, Tlirough  these 
tubes  pass  two  hard  woolen 
cords,  terminated  at  the 
upper  ends  by  rubbers  o  a  "■  '" 

of  copper.  The  other  ends  pass  down  through  the  cup  and 
breaker  of  the  fuze,  and  are  tied  together  in  a  groove  of  the  latter. 
In  order  to  load  the  side  channels,  they  are  leftopcn  at  the  bottom 
as  represented  in  the  figure ;  that  part  of  the  apparatus  being  after- 
wards closed  by  means  of  the  two  halves  of  a  hollow  truncated 
cone  V  V,  which  are  fixed  to  the  body  of  the  fuze  by  means  of  a 
screw  at  d.  These  half  envelopes  are  made  of  bronze,  and  leave 
between  them  two  openings  through  which  the  flame  is  trana- 
Diittcd  to  the  charge.  The  breaker  is  fixed  to  the  cup  by  means 
of  a  ateel  screw  through  its  center. 

The  shells  with  which  tliese  fuzes  are  used  are  fixed  to  sabots, 
the  fuze  being  placed  in  the  hollow  and  exactly  in  the  axis  of  the 
sabot. 


WLen  tlie  shell  strikes,  tlie  shock  breaks  off  the  steel  screw 
meeting  the  cup  and  breaker  at  the  point  where  tliey  join ; 
le  weight  of  the  breaker  and  strength  of  the  screw  being  ho 
iilated  as  to  insure  this  effect.  The  weight  and  motion  of  the 
:er  act  on  the  cords,  producing  the  deflagration  of  the  fnl- 
lates. 

OaiEonowB — If  explosion  is  not  produced  in  the  bore  of  the 
by  the  shock  of  the  discharge,  it  is  natural  to  suppose  it  will 
it  take  place  whenever  the  shell  strikes,  either  on  the  fuze  or  on 
opposite  point  of  the  same  diameter,  and  very  often  when  it 
ikes  anywhere  near  the  ends  of  this  diameter. 
The  amount  of  temper  given  to  the  screw  will  exercise  a  cer- 
tain influence  upon  the  successful  working  of  the  fuze  ;  for,  if  the 
iiper  is  too  little  the  rupture  will  not  take  place,  and  if  it  is  too 
.t,  a  ricochet  on  wa'er,  or  any  other  slight  shock,  maybeanfli- 
rit  to  explode  the  shell. 
It  may  happen  that  the  powdrr 
and  incendiary  com)K>sition  in  the 
•bell  will  not  allow  the  breaker  ti.> 
Willi    that   fn-cdom   which    is 
leeeary  to  produce  explosion. 
In  spite  of  these  objeetiona,  it 
inst  be  admitted  tliat  as  the  French 
ivy  ha*  adopti-d  the  fuze  it  must 
liettt>r  itian  it  looks,  and  at  least 
itter  than  tlio  itereiisaion  fuze  bere- 
ifore  used  among  Ihem. 
EsoMsn   FtrxE,   Fig.  200.— Tliis 
;e,  inrcntetl   by  Capt.  Moorsom, 
been  but  a  short  time  in  use  in 
British  navy.     It  is  very  highly 
jsed   by  Sir  Howard  Douglass, 
lUgh  he  gives  no  description  of  it. 
The  body  of  the  fuze  is  made  of 
and  is  screwed  into  the  eye 
the  shell  by  means  of  a  key  fitting 
tto  two  mortises  made  in  the  head. 
IP  lower  part  is  not  threaded,  and 
tjeett   into   the   chamber  of  the 


iV«x>- 


320  FUZE3. 

In  the  body  of  the  fuze  two  cylindrical  chambers  are  placed, 
one  above  the  other,  with  their  axes  perpendicular  to  each  other. 
In  Fig.  200,  which  represents  a  section  of  the  fuze  through  the 
axis,  the  upper  chamber  is  shown  by  a  section  through  its  axis, 
the  lower  one  by  a  section  perpendicular  to  its.  These  chambers 
are  both  alike,  with  similar  percussion  apparatus  ;  so  that  a 
description  of  one  will  do  for  both. 

In  tlie  chamber  is  placed  a  solid  cylinder  of  bronze,  J,  termin- 
ated at  each  end  by  a  small  projection,  or  piston. 

One  head  of  the  chamber  is  movable,  and  when  screwed  into 
its  place,  its  exterior  is  flush  with  the  convex  surface  of  the  fiize. 
Holes  are  left  on  the  exterior  for  the  use  of  a  key,  and  the  head  is 
screwed  in,  after  the  hammer  is  placed  in  the  chamber  and  sus- 
pended. 

In  each  end  of  the  chamber  is  a  small  recess,  a  vent  being 
bored  through  to  it  from  tlie  exterior  of  the  fuze.  These  are  both 
filled  with  fulminating  powder. 

A  hole  is  drilled  through  the  hammer  at  its  middle  })oint,  and 
perpendicular  to  its  axis,  and  is  used  to  suspend  the  hammer,  by 
means  of  a  copper  wire,  in  the  center  of  the  chamber.  The  wire 
passes  through  corresponding  holes  in  the  body  of  the  fuze  (seen 
in  the  section  of  the  lower  chamber),  and  are  soldered  at  the  ends 
in  the  curved  portions  of  the  holes  near  the  surface  of  the  fuze. 

Li  the  lower  end  of  the  fuze  a  third  chamber  is  placed,  with 
a  percussion  apparatus  similar  to  the  preceding,  acting,  however, 
in  the  direction  of  the  axis  of  the  fuze,  and  having  but  one  end 
of  the  chamber  provided  with  percussion-powder,  the  vent  leading 
from  which  communicates  with  a  cross-channel,  having  at  each 
end  a  small  chamber  filled  with  powder. 

The  hammer,  a  cylinder  of  bronze,  with  a  piston  like  the  others 
on  its  upper  end,  is  suspended  in  the  same  way,  and  has  below  it 
a  copper-wire  passing  through  lioles  in  the  fuze,  and  soldered  like 
the  rest. 

At  the  bottom  of  tliis  last  chamber  stands  a  evUnder  of  lead, 
xed  in  its  position  by  its  base,  which  is  pressed  in  a  little  ofi^et, 
between  the  bottom  end  of  the  fuze  and  tlie  cap  which  closes  the 
chamber. 

From  the  construction  of  this  fuze  it  will  be  seen,  that  there 
are  six  points  on  the  surface  of  the  shell,  the  striking  of  which 
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1  produce  the  workiag  of  the  apparatus ;  and  that  the  more  the 
Dint  of  impact  ie  removed  from  these,  the  le^a  will  be  the  proba- 
bility of  tlie  ehell  exploding,  from  the  tundeney  the  hammer  will 
have  to  act  in  directions  oblique  to  the  axce  of  the  chambers. 

When  the  shell  etrikes,  the  suspension- wire  of  thai  hammer 
whose  axis  coincides  with  the  diameter  of  the  shell  passing 
tlirough  the  point  of  imjiact,  or,  is  parallel  to  it,  is  torn  loose, 
releasing  the  hammer,  and  allowing  it  to  plunge  forward  and 
explode  the  fulminate,  hy  etrikiug  it  with  the  piston  on  ita  end. 

It  is  doubtful,  even  when  the  shell  strikes  in  the  most  favor- 
able way,  if  the  action  of  the  hammer  is  sufficiently  jKiwerful  to 
always  produce  explosion;  and  should  it   strike   on    the  point 
opposite  to  the  fuze,  it  would  aeem  to  be  far  from  certain  that 
H  wploftion  would  follow,  as  the  column  of  lead  has  then  to  tear 
Htoelf  from  ita  position,  and  act  on  the  third  hammer  to  produce 
PPbi^losian  in  tlie  fulminate  in  front  of  it. 

Even,  if  the  apparatus  worked  to  perfection,  when  it  did  strike, 
from  the  very  delicacy  of  its  construction,  numerous  premature 
cxplosiona  in  the  bore  of  the  piece  are  to  be  anticipated,  to  say 
notliing  of  those  which  may  occur  in  handling  the  projectiles,  or 
in  ricucheta. 

The  fu2e,  moreover,  is  bo  exceedingly  complicated,  and  must 

he  so  coally,*  that  it  can  scarcely  be  considered  as  offering  a  good 

practical  solution  of  the  problem  of  percuasion-fuzes ;  and  as  these 

faxes  arc  about  as  favorable  as  any  of  tlio  kind  in  use,  we  may 

K<tKMicludc  that  no  practical  percussion -fuze  has  yet  been  discovered 

^Bfbr  use  witli  sjihcrieal  projeotilee.     I^one  that  will  at  all  compare 

^■br  example,  with  the  Splingard  concussion -fuze  in  certainly  and 

^Bj^plicity  of  action. 

^K  For  projectiles  which  move  point-foremost,  and  are  always 
^ifare  to  strike  at  one  place,  the  problem  is  an  easy  one.  Several 
forms  have  been  suggested  ;  and  although  the  problem  regarding 
tlic  projectile  has  nut  as  yet  been  solved,  it  may  be  as  well  to 
describe  one  or  two  of  these  fuzes,  in  onlcr  to  be  prepared  when 
the  soluiioD  does  come,  which  probably  now  will  be  at  no  distant 
day. 

BotTKBOH  FirxK,  Fig.  201.    This  fuze  was  used  with  the  pcrcus- 

*  They  Mat  abeM  lis  ibUIiiig*  (EnglUi)  u-jAm*. 
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Bion  projectile,  to  which  reference  is  made  on  p.  SOS,  mTented 
bj  M.  de  Bourbon  (Dnke  of  Normandv),  and  which  was  guided 
hj  a  kind  of  rudder,  bo  as  to  compel  it  to  move  with  the  point  to 
the  front. 

It  conBiats  of  ft  bronze  fnze- 
plug  screwed  into  the  eje  of  the 
shell,  with  a  head  larger  in  dia- 
meter than  the  other  part  and 
threaded  on  the  exterior,  by 
means  of  which  a  cap  ia  screwed 
on,  covering  the  fuze  until  jnst 
before  it  iB  used. 

A  cap  of  copper,  e  e,  ia  fixed 
to  the  head  of  the  fuze  by  means 
of  several  circular  grooves  in  the 
fuze-plng ;  slots  and  projections 
being  formed  on  the  edge  of  the 
cap,  and  the  rabbets  of  the  circu- 
lar grooves,  which  allow  the  cap 
to  be  inserted  in  its  place.  A 
threaded  hole  is  placed  at  the  "» *••■ 

LigheBt  point  of  this  cap,  in  which  the  fulminating  cap,  d,  is 
screwed  just  before  the  fuze  is  used.  A  steel  nipple  ia  screwed 
into  the  body  of  the  fuze  just  under  the  cap,  which,  when  the  cap 
is  exploded,  conveys  fire  to  the  charge,  communicating  it  first  to 
the  powder  contained  in  the  channel  of  the  fuze.  The  bottom  of 
this  channel  is  closed  with  a  cork  stopper,  which  is  blown  out 
when  the  powder  in  the  fuze  takes  fire. 

The  projectile  being  supposed  to  strike  with  tlie  point  first, 
the  shock,  in  order  to  explode  the  cap,  must  be  of  sufficient  force 
to  flatten  the  cap,  e  e;  and  this  cap  has  been  made  of  such  a  thick- 
nesB  that  nothing  less  than  Btriking  against  the  Bide  of  a  ship,  or 
otlier  equally  resisting  body,  ia  sufficient  to  cause  explosion.  No 
ricochet,  therefore,  on  the  water,  will  cause  the  shell  to  burat. 
Sucli  a  fuze  would  do  very  well  for  a  rifled  projectile  of  large 
size,  did  any  good  one  of  the  kind  exist,  or  for  any  projectile  with 
an  arrangement  to  keep  a  particular  part  always  to  tlie  front. 

It  does  not  appear  that  the  means  used  to  produce  this  effect 
in  the  Bourbon  projectile  were  at  all  saccessful.    It  is  stated  that 
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the  appnratUB  mado  use  of,  coodstod  of  a  stem  of  iron  screwed 
into  the  bottom  of  tlio  projectile,  and  having  tied  to  the  other 
end  a  llto  wbicli  nncoiled  itself  as  the  projuctile  left  the  pioce. 
The  stem  acting  besides  as  the  axis  of  a  kind  of  sabot,  made  of 
fult,  oakum,  &c. 

In  till)  espcrimenta  made  with  this  fuze  and  projectile  in  Rua- 
•ta,  it  is  stated  that  explosion  took  plauo  always  when  the  projec- 
tile atnick  point  foremost,  but  that  this  condition  was  too  seldom 
fulfilled  for  the  mean  result  to  bo  of  sufficient  efficacy. 

It  is  predicted  that  the  Bourbon  fuze  will  be  the  typo  of  all 
good  fiucs  for  percussion  projectiles  fired  in  naval  artillery  from 
grooved  guns. 

Should  it  be  found  that  shells  armed  with  such  fuzes  l)urst 
too  soon  after  etriking,  a  small  piece  of  fuze  composition  could 
easily  take  the  place  of  the  powder  in  the  fuze,  and  delay  the 
explosion  of  the  shell  any  convenient  length  of  time ;  and  this 
modification  may  be  applied  to  any  percussion  fuzes  of  this  kind. 
It  is  now,  however,  pretty  well  known  that  the  shell  penetrates  a 
safficient  distance  to  produce  the  proper  effect,  before  the  explo- 
sion takes  place. 

In  the  experiments  made  at  West  Point  on  elongated  rifled 
projectiles,  the  exploding  apparatus  consisted  simply  of  a  nipple 
attached  to  a  piece  of  metal,  and 
having  on  it  a  common  percus- 
•iot)  cap.  This  woe  dropped  into 
ft  small  chamber  left  in  the  point 
of  tlie  projectile^  and  a  head  piece 
•erewcd  on.  When  the  shull 
etmck,  the  nipple  piece  cohiIti- 
ncd  to  move  to  tlie  front  nniM 
■rruetcd  by  the  head  piece  iililir  ~"  - -• 
elianibcr,  when  tlie  cap  was  ex- 
ploded, and  firo  commonicated  to  tlic  ehuiL 
more  time  for  the  projectile  to  penetrate  li 
Bourbon  fuze,  and  somotimcs  the  ^holls  nppc 
througli  a  solid  target  of  beams  three  fi-et  thick,  bursting  as  tlivy 
reached  the  oppoaite  side,  llm  destruction  produce<i  by  a  pro- 
jectile buvtiag  in  thia  way  aOer  passing  through  a  ship's  side, 
would  be  very  great 
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CHAPTER   X. 


AETILLEEY   IMPLEMENTS. 

For  the  purpose  of  describing  these  implements,  they  will  be 
divided  into  classes  with  regard  to  the  use  made  of  them,  as  Paintr 
ing  implements,  Loading  implements.  Priming  and  Jiring  im- 
plements ;  and  these  classes  will  be  subdivided  according  to  the 
pieces  with  which  they  are  used. 

POINimO    rMTLEMENTS. 

QuADBANT,  Fig.  203,  PI.  13.  The  first  instrument  used  for 
giving  the  elevation  to  a  piece  of  artillery  was  the  common  quad- 
rant, made  either  of  wood  or  metal.  This  is  now  used  only  with 
mortars,  or  in  giving  large  degrees  of  elevation  to  long  pieces,  for 
which  the  ordinary  breech-sight  and  tangent  scale  is  not  suffici- 
ently developed.  It  consists  of  a  quarter  of  a  circle  fixed  to  a  long 
arm.  The  edge  of  the  circle  is  divided  into  degrees,  and  the  in- 
clination of  the  arm  to  the  horizon  is  determined  by  a  plummet 
which  is  fastened  at  the  center  of  the  curve.  This  quadrant  gives 
the  elevation  of  a  piece  only  to  within  a  degree.  For  more  accu- 
rate pointing  a  more  complicated  metal  quadrant  is  used,  having 
a  movable  limb  fastened  at  the  centre  of  the  arc,  and  a  spirit  level 
attached  to  it.  The  end  of  this  arm  moves  along  the  graduated 
arc,  and  has  on  it  a  vernier  by  means  of  which,  parts  of  a  degree 
can  be  read  off*.  Tliis  quadrant  is  more  especially  intended  for 
use  with  long  pieces  of  large  caliber,  when  greater  accuracy  is 
required  than  can  be  obtained  with  the  breech-sight,  or  in  firing 
at  great  elevations. 


BILEECn-SIGIlT. 


BBUKm-sioirr. — Frg.  204,  PI.  13.  The  breech-sight  conaigl*  of 
.  upright  piece  of  sheet  brass,  supported  on  a  foot  piece,  tbe 
wer  side  of  which  is  carved  to  fit  on  the  baee-ring  of  tlie  gun 
II  which  the  sight  is  nsed.  In  the  middle  of  the  upright  part  a 
Is  made,  luid  on  one  eido  of  it  is  placed  tlte  scale.  Along  thie 
>  slider  moves,  and  is  retained  in  anj  particular  position  by  a 
tall  screw  which  enters  the  slider  from  behind,  and  through  the 
The  sighting  is  made  through  notches  or  small  holes  made 
i  tlie  slider.  The  middle  of  the  sight  is  first  placed  over  the 
Ig^hest  point  of  ttie  breech,  a  notch  or  mark  being  made  on  the 
'fcot  for  that  purpose. 

Formerly  the  lughcst  point  of  the  muzzle  was  marked  cither 
permanently  or  with  chalk,  and  the  line  of  siglit  passed  tlirough 
ibat  point.  Tlio  divisions  on  the  scale  were  tlien  d<.-ttinuined  as 
B :  Suppose  a  brcech-siglit  or  tangent  scale  for  tlie  Q  pd.  gun 
I  to  bo  graduated.  The  natural  angle  of  sight  being  one  degree, 
e  dUpart  will  bo  ci^ual  to  t)ic  tang,  of  1°  to  a  radius  equal  to 
e  distance  between  the  highest  points  of  the  swell  of  the  muzzle 
baae  ring,  measured  on  a  parallel  to  the  axis  of  the  piece. 
I  distance  in  the  ti-pd.  gun  is  58,7  in.  and  multiplied  by  the 
natural  Ungcnt  of  1°  (.0174551)  gives  the  dispart  1.0246.  The 
anglM  being  very  small,  we  may  assume  the  tangents  to  increase 
I  the  «ame  proportion  with  the  arcs,  and  that  therefore  the  tan- 
att  of  :3''  is  et^ual  to  double  tbe  tangent  of  1"  and  so  on.  Laying 
r  then  on  the  scale  a  distance  equal  to  tbe  dispart,  we  obtain 
lie  point  through  which  the  piece  is  sighted  at  an  object  on  the 
D  loTcl,  when  its  axix  has  an  elevation  of  2°.  This  being  di- 
Ued  into  4  equal  parts,  gives  us  the  points  for  each  quarter  of  a 
;  the  different  distances  re]>resentiog  the  tangents  of  each 
loarter  of  a  degree  to  a  radius  of  58."  in.  It  will  be  seen 
tliis  construction  that  if  tlie  natural  tangents  of  2°,  3", 
B.,  be  multiplied  by  the  radius  58.7  in.  the  distance  obtained 
lUst  first  bo  decreased  hy  the  dispart  before  being  laid  off  on  the 
The  sight  for  any  other  piece  is  graduated  in  a  similar 
Dunner.  Muzzle-sights,  equal  in  length  to  the  dispart,  are  how- 
ever now  used,  and  tlie  scale  is  laid  off  from  the  bottom  in  lengths, 
which  aro  calculated  as  bcfurv,  and  represent  the  tangents  of  1", 
8°,  3°,  Ac,  to  a  radius  equal  to  the  distance  between  the  two 
lighting  points  on  tbe  piece.    Hiesc  leugths  arc  subdivided  into 
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Bmallcr  parts,  which  enables  the  piece  to  be  sighted  to  within  a 
small  portion  of  a  degree. 

Tliese  sights  are  designed  for  nse  with  the  hear  j  searcoast  and 
siege,  and  garrison  pieces,  and  the  new  method  of  gradnatiDg 
them  has  the  advantage  of  rendering  easier  the  application  of  the 
pendulum  hausse  to  the  pieces,  as  that  instrument  is  always  used 
with  the  muzzle-sight. 

The  Tangent  Scale,  Fig.  205,  PI.  13,  is  made  of  sheet-brasBy 
with  a  flange  along  the  lower  edge,  which  latter  is  cut  to  fit  the 
base-ring  of  the  piece. 

The  upper  edge  is  cut  in  steps,  each  rise  representing  the 
tangent  of  ^^  to  a  radius  equal  to  the  distance  between  the  high- 
est points  of  the  breech  and  muzzle,  measured  parallel  to  the  axis. 

In  the  middle  of  each  step  a  notch  is  placed  to  assist  in  sighting. 
When  the  piece  is  sighted  by  these  different  notches,  the  axis  is 
at  an  eleyation  indicated  by  the  degrees  and  minutes  under  the 
notches. 

This  instrument  has  now  fallen  very  much  into  disuse,  the 
pendulum-hausse  or  breech-sight  being  preferred  as  more  conro- 
nient  in  form,  the  first  named  correcting  besides  any  error  arising 
from  the  trunnions  not  being  horizontal. 

Pendulum-Hausse,  Fig.  206,  PI.  13.  Tlie  two  preceding  instm- 
ments  give  the  proper  elevation  to  the  piece  only  when  the  trun- 
nions being  horizontal,  the  permanently  marked  highest  points  of 
the  breech  and  muzzle  are  made  use  of,  or  when  the  tnmnions 
not  being  horizontal,  new  points  are  designated  by  means  of  the 
gunner's-level.  The  pendulum-hausse  serving  as  a  corrective  for 
a  faulty  position  of  the  trunnions,  does  away  with  the  necessity 
for  the  use  of  the  gunner's-level  or  new  sighting-points,  which  it 
would  be  very  difficult,  imder  many  circumstances,  to  establish. 
This  hausse  is  derived  from  the  Russian  service,  and  hence  is  called 
the  Russian  hausse. 

It  consists  of  an  upright  piece  of  sheet-brass,  like  the  breech- 
sight,  and  has  a  movable  slider  and  scale,  similarly  arranged. 
At  the  lower  end  is  placed  a  bulb  or  disk,  filled  with  lead.  The 
scale  passes  through  a  slit  in  a  piece  of  steel,  and  is  connected 
with  it  by  a  brass  screw,  which  serves  as  a  point  on  which  the 
scale  vibrates  laterally  ;  the  slit  is  made  long  enough  to  allow  the 
scale  to  assume  a  vertical  position,  in  any  ordinary  cases  of  irregu- 
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larity  of  the  gronnd  on  whiuli  the  gun-carriage  may  stoad.  The 
ends  of  the  piece  of  eteel  are  formed  into  jonrnals  or  trunniocB, 
hj  luesos  of  which  the  hauesc  is  Biip])orted  on  the  Bcat  attached 
to  the  base  of  the  breech,  and  is  at  liberty  to  vibrate  in  the  direc- 
tion of  tlie  axis  of  the  piece. 

Thus,  in  any  ordinary  variations,  either  in  the  level  of  the 
wheels  or  in  the  elevation  of  the  gnn,  the  scale  U  kept  in  the 
vertical  poeition  by  the  weight  of  the  bulb  at  tlie  bottom. 

The  teat  ia  of  iron,  and  fastened  to  the  base  of  the  bi-eech  by 
three  screws,  in  such  a  way  that  the  middle  point  of  the  steel  bar, 
or  pivot  of  the  scale,  shall  be  at  a  distance  from  the  axis  of  the 
piece  eqttal  to  the  radius  of  the  base-ring. 

The  mmzU^ight  is  of  iron,  and  screwed  into  the  highest  point 
of  thv  swell  or  muzzle-band.  Tlie  height  of  this  sight  being  eqnal 
to  the  dispart,  a  line  from  the  top  of  it  to  the  pivot  of  the  scale, 
which  is  also  its  zero  point,  is  parallel  to  tlie  axis  of  the  piece. 
This  being  the  disposition,  should  the  axis  of  the  trunnions  not  be 
borizontnl,  tlio  vertical  plane  passing  throngh  the  central  lino  of 
the  scale,  and  top  of  the  inuzzlo-siglit,  will  be  parallel  to  the 
Tertical  plane  of  lire,  and  to  the  axis  of  the  piece  which  is  in  that 
plaoc,  and  may  without  sensible  error  be  substituted  for  the  latter, 
Tlie  scale  will,  therefnrc,  always  indicate  correctly  the  proper 
■ogle  of  elevation  of  the  piece. 

Each  jnece  must,  of  course,  be  provided  with  its  own  scale, 
■nt  and  mDezle-eight,  all  of  which  arc  marked  for  the  particular 
3>iocv  lu  which  they  belong. 

Tlie  haiisse,  when  not  in  nse,  is  carried  in  a  leather  pouch  sus- 
pendi-d  by  a  strap  from  the  shoulder. 

The  manner  of  graduating  the  scale  has  already  been  described 
•t  p.  325.  Ilie  divisions  are  the  tangents  uf  each  quarter  of  a  de- 
gree, to  a  radiua  e^iual  to  the  dietanee  between  the  top  of  the 
mnxzle-fiight  and  pivot  of  the  scale,  which  exceeds,  by  an  inch, 
the  difttaiicu  laid  down  in  the  tables  as  that  between  the  semi-dia- 
meters of  the  base-ring  and  swell  of  the  mnule. 

Tliin  ittstruinont,  the  beet  of  its  kind  now  in  nsc,  has  been 
•dopted  for  our  lield  artiller}*,  and  alec  applied  to  stimcof  the 
heavier  ptccen;  hut  wirh  these  its  nse  is  not  of  as  much  iniport- 
aoce,  since,  the  wheels  of  their  carriages  having  generally  a  penna* 
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nentlj  level  position,  they  are  not  liable  to  the  same  inaccuracies 
in  firing  as  field  pieces,  which  are  used  on  rougher  and  more  vari- 
able ground. 

Gunner's  Level,  Fig.  207,  PL  13.  This  is  an  instniment  for 
determining  the  highest  points  of  the  base-ring  and  muzzle,  pre- 
paratory to  the  use  of  the  breech-sight  and  tangent-scale.  It  con- 
sists of  an  upright  of  sheet-brass,  supported  on  two  feet,  the  line 
joining  the  bottom-points  being  perpendicular  to  the  direction  of 
a  sliding  pointer,  which  moves  up  and  down  in  sockets  on  the  up- 
right. On  a  horizontal  shelf,  fixed  to  the  upright  by  screws,  is 
placed  a  spirit-level  parallel  to  the  line  joining  the  feet.  By 
means  of  the  bubble,  the  feet  are  placed  on  a  horizontal  line  on 
the  base-ring,  the  slider  pushed  down  until  the  point  rests  on  the 
metal,  and  its  position  marked  with  chalk. 

Handspike. — ^The  handspike  is  used  for  giving  the  horizontal 
direction  to  the  piece.  Tliat  for  the  field-pieces,  called  a  trail 
handspike,  is  round,  and  conical-shaped  at  the  large  end,  to  fit 
into  the  pointing-rings.  Near  this  end  is  placed  an  iron  stop,  the 
stem  of  which  passes  through  the  handspike  and  is  clinched  on 
the  opposite  side.  This  stop  slides  through  a  slot  in  the  large 
pointing-ring,  and,  when  the  handspike  is  turned,  holds  it  in  its 
position.  At  the  small  end  a  ring  is  placed  for  the  purpose  of 
suspending  the  handspike  at  the  side  of  the  carriage. 

The  Manceuverino  Handspike,  Fig.  208,  PI.  13,  is  longer  than 
the  preceding,  and  is  for  service  with  the  siege  and  garrison  car- 
riages, gins,  &c.  It  differs  somewhat  in  shape  from  the  trail 
handspike,  being  octagonal  in  the  middle;  and,  for  the  mechanical 
manoeuvres,  the  large  end  is  made  square,  and  at  the  end  tapers 
off  on  one  side,  so  as  to  allow  its  entrance  under  a  weight  in  get- 
ting a  purchase. 

This  handspike  is  used  with  all  heavy  pieces  for  traversing  the 
chassis  of  permanently-establislied  pieces ;  for  running  the  ordi- 
nary barbette  pieces  to  and  from  battery,  and  also  for  the  same 
purpose  in  siege-batteries,  and  for  traversing  the  trails  in  these 
last. 

Shod  Handspike,  Fig.  209,  PI.  13. — For  service  with  the  gar- 
rison carriages  and  mortars,  it  is  found  advisable  to  place  an  iron 
shoe  upon  tlie  large  end  of  the  handspike,  to  make  it  take  a  better 
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,])o10  Mpon  tlie  platform,  especiallj"  when  taking  a  very  short  pnr- 
.chuse,  in  which  case  the  ordinaiy  handspike  is  apt  to  slip.  The 
ghoe  passes  entirely  aronnd  the  end  of  the  handspike,  to  which  it 
is  fastened  by  three  rivets,  passing  entirely  through. 

All  of  these  handspikes  are  made  of  well-seasoned  hickory  or 
tough  oak. 

PoiNTiKG-STAKES  OR  wiR£6  arc  n&ed  for  staking  out  the  Une  of 
direction  for  mortar-firing.  Any  wooden  stakes  of  proper  size, 
tiiay  be  made  nse  of;  one  long  one  for  placing  in  the  exterior 
elope,  a  short  one  for  the  interior  crest,  and  a  medinni-sized  one 
^for  the  rear  of  the  platform.  The  wires  are  made  twenty  inches 
long,  from  round  wire  0.2  in.  in  diameter. 

I'lummet, — Two  of  the  pointing-wires  being  fixod  in  the  para- 
pet, as  near  as  possible  in  tlie  vertical  plane  passing  through  the 
I  object  and  middle  of  thu  platform,  a  plummet,  which  consists 
.simply  of  a  cord  with  a  bullet  or  otlier  weiglit  attached  to  one 
krad.  is  used  to  place  the  line  of  metal  in  the  same  piano. 
[  PoiKTlHO-CoRn. — This  is  any  smooth  small  cord,  one  end  of 
t  which  is  attached  to  the  short  stake  in  tlie  interior  crest,  when 
Fpointing-stakee  aro  used,  and,  being  stretched  back  over  tlie  rear 
kitake,  serves  to  direct  the  mortar;  the  plunmiet,  to  facilitate  the 
[operation,  being  attached  to  it  just  in  rear  of  the  mortar,  or  held 
against  it  with  the  hand. 

Pournxo-BoAKi). — Tliis  is  a  piece  of  board  notched  in  the 
middle  to  fit  on  the  roar  stake,  and  grnduatod  io  both  directiona 
from  the  center,  for  the  purpose  of  correcting  the  fire  should  the 
shells  fall  to  the  right  or  left  of  the  object  fired  at.  TIub  is,  how- 
ever, of  little  importance  if  the  pointing-stakes  are  accurately 
placed,  as  placing  the  pointing-cord  to  the  right  or  left  of  tlie 
stake,  inetead  of  over  the  center,  will  be  fonnd  usually  a  sufficient 
*«OTnjctivc. 

Tuk  Qrois  \»  simply  a  large  wedge,  used  in  place  of  an  ele- 
vating Bcniw  under  the  chase  of  mortars  and  the  breech  of  short 
howitzers,  to  keeji  them  in  the  proper  position  when  elevating. 
It  has  a  handle  on  the  large  end,  by  which  it  is  movi.'d. 

The  Chock  is  a  smallw  wedge,  with  a  handle  in  the  side, 
ssed  for  chocking  the  wheels  of  the  chassis  of  permanently  estab- 
lithed  carriages,  when  tlio  piece  hiw  received  tlie  projicr  direction. 
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LOADING  DIFLEMEirrS. 


Eammers,  Fig.  210,  PL  13. — ^The  rammer-head  is  cylindrical 
in  shape,  made  of  beecli,  elm,  or  other  hard  wood,  and  has  the 
corners  at  the  large  end  slightly  rounded.  It  is  bored  to  receive 
the  tenon  of  the  staff,  to  which  it  is  fastened  with  a  wooden  pin, 
and  around  the  neck  is  placed  a  copper  band. 

Rammer-heads  for  howitzers  are  countersunk  to  receive  the 
head  of  the  fuze,  and  prevent  its  being  injured  when  the  shell  is 
pushed  home. 

SpoNGE-incADS,  Fig.  211,  PI.  13. — ^They  are  cylindrical,  the 
corners  at  both  ends  slightly  rounded,  and  are  bored  out  to 
receive  the  tenon  of  the  staff  to  which  thev  are  fastened  with  two 
wooden  pins.    Tliey  are  made  of  poplar,  elm,  &c. 

Sponges  are  made  of  woolen  yam,  woven  into  a  warp  of  hemp 
or  flax-thread,  making  a  tissue  about  half  an  inch  thick,  which  is 
sewed  up  in  the  form  of  a  bag,  which  fits  the  sponge-head,  to 
which  it  is  fastened  with  copper  nails  driven  into  the  inner  end  of 
the  head,  near  the  staff,  a  strip  of  leather  being  put  under  the 
heads  of  the  nails  to  prevent  them  from  tearing  out. 

For  the  coehorn  mortar  the  sponge  is  attached  to  a  short  staff, 
no  rammer  or  sponge-heads  being  used. 

For  the  eolumbiads,  separate  woolen  sponges  are  provided  for 
wiping  the  chamber  and  the  bore.  Stiff  hair-brushes  are  also 
sometimes  used  with  those  pieces,  in  order  to  clean  them  more 
easilv  and  thoroudilv.  Tlie  brushes  are  cvlindrieal,  with  hemi- 
spherical  ends  made  to  fit  the  bore  or  chamber.  The  sponge- 
heads  for  these  pieces  must  also  be  made  hemispherical  at  the 
bottom. 

Staves,  for  sponges  and  rammers,  are  made  of  tough  ash,  and 
are  turned  in  a  lathe,  with  tenons  and  shoulders  where  they  enter 
the  head. 

Tlie  rammer  and  sponge  for  a  field  gun  or  howitzer,  or  mor- 
tar, or  the  8-inch  siege  howitzer,  are  attached  to  the  same  staff ; 
for  (Jther  pieces,  they  are  on  different  staves,  being  thus  lighter  and 
more  convenient  to  handle. 

Spoxge-covers,  to  protect  and  preserve  the  sponges,  are  made 
of  strong  linen  or  canvas,  painted.    Tlie  diameter  of  the  bag  is 
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eqnftl  to  that  of  tbe  bore  of  the  gun,  and  tlie  length  sufficient  to 
ftllow  the  mouth  to  be  diawn  together,  around  tbc  staff,  b^  meane 
'  of  a  cord  inserted  in  the  hem.  A  loop  of  canvas  sewed  to  the 
bottom,  serves  as  a  handle  by  which  to  pull  the  cover  off.  The 
covers  arc  marked,  in  while,  with  the  caliber  of  the  piece  to 
wliicli  they  belong. 

LoAiXNo-ToMGB,  Fig.  212,  PI.  13,  for  placing  in  tbe  charge 
and  shell  of  8-uich  siege  howitzers,  are  formed  of  two  arms  so 
hinged  together,  that  the  bent  ends  of  the  short  amis  will  enter 
the  ears  of  tlie  shell,  and  the  grooved  and  widened  ends  of  the 
{  ones  will  clasp  between  them  the  cartridge.  The  implement 
tie  of  such  'a  length,  that  the  cartridge  can  be  thrust  into  the 
mber  by  reaching  in  one  hand,  holding  tlie  tongs  with  the 
cartridge  in  position, 

SitEix-IIooKa,  Fig.  213,  PI,  13. — For  mortar  and  other  heavy 
shells  which  cannot  easily  be  bandied,  shell  hooks  are  used. 
Tbeeo  consist  of  two  bent  iron  arms  connected  by  a  pivot ;  one 
I  end  of  each  is  bent  Inwards  to  enter  the  ear  of  the  shell,  whilst 
^  the  other  ends  arc  joined  to  a  handspike  ring,  by  two  small 
rings.  A  handopikc  being  mn  tlirongh  the  large  ring,  and  the 
lower  ends  of  the  anna  adjusted  to  the  cars  of  the  shell,  these 
ends  approach  each  other,  taking  hold  of  the  shell  as  soon  as  the 

ihftndiipike  is  raised. 
ILavrrsack. — ^To  prevent  accidents  whilst  the  cartridges  are 
being  carried  to  the  guns,  they  shoald  be  protected  by  some  kind 
of  a  covering.  For  this  purpose,  havreaacks  are  used  with  field 
pieces  and  mortars,  and  sonieliinea  with  larger  gnns.  They  are 
made  of  russet  bag  leather,  tbe  fronts  and  backs  being  connected 
by  tfittufU,  which  form  the  ends  and  bottoms  and  allow  the  bags 
to  be  folded  flat.  Tlie  flap  is  of  the  same  piece  as  the  back,  fold» 
down,  and  is  fastened  io  the  front  by  a  buckle  and  strap.  A  billet 
uid  a  bnckle-iitrap,  sewed  to  the  back  of  the  bag,  form  tbe 
■boulder-belt. 

P*9«-Box. — This  is  a  box  used  to  carry  tbc  cartridges  to  gun* 
in  garrison  or  sieges.  It  is  made  of  white  pine,  the  sidea  and  enda 
dovetailed  together,  and  the  bottom  let  in  between  tlie  sides,  and 
luuletl  to  them  and  the  ends.  The  top  is  fastened  on  with  two 
bati  binges,  and  kept  closed  by  a  strong  hook  and  staple.  A 
wooden  handle  is  fastcncl  nith  screws  diagonally  on  ODO  cod,  by 
which  the  box  i«  carried. 
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Budge-Baerel,  Fig.  214,  PI.  13. — ^Tliis  is  a  strong  barrel, 
made  of  oak,  and  bound  with  copper  hoops.  To  protect  the  car- 
tridges placed  in  it,  and  at  the  same  time  give  easy  access  to 
them,  it  has  a  cover  made  of  bag-leather,  the  lower  edge  of  which 
is  fastened  under  the  top  hoop  by  copper  nails,  and  the  rivets 
which  hold  the  hoop.  Tlio  mouth  is  drawn  together  by  a  donble 
cord  passing  through  holes  in  the  leather  near  the  upper  edge. 
Each  cord  is  6'  long,  and  the  ends  pass  through  a  conical  hood  of 
bag-leather,  which  covers  the  mouth  when  drawn  together,  and 
protects  it  from  rain  or  sparks.  Fig.  214  represents  this  arrange- 
ment for  the  mouth.  The  budge-barrel  is  used  to  convey  car- 
tridges from  the  magazine  to  the  batteries,  for  the  purpose  of 
distributing  them  by  means  of  the  havresacks  or  pass-boxes  to 
different  pieces. 

Hot-Shot  Fork,  Fig.  215,  PI.  13. — ^Hot  shot  require  particu- 
lar implements  for  getting  them  from  the  furnace,  carrying  them 
to  the  pieces,  and  placing  them  in  the  muzzle.  The  fork  is  made 
of  iron,  fastened  to  a  wooden  handle,  and  is  used  to  pull  the  shot 
out  of  the  furnace.  It  has  two  prongs,  which  curve  inwards  and 
upwards,  so  as  to  retain  the  shot  between  them  when  once  in 
position. 

Ladles. — For  carrying  the  shot  to  the  pieces,  there  are  two 
kinds  of  ladles.  Tlie  first,  Fig.  216,  PI.  13,  consists  of  a  ring  and 
stem  of  iron,  fastened  to  a  wooden  handle  two  feet  long.  The 
inner  top  edge  of  the  ring  is  grooved  out  to  receive  the  shot. 

The  other  ladle.  Fig.  217,  PI.  13,  for  carrying  the  largest  shot, 
consists  of  a  similar  ring,  to  which  stems  are  fixed  for  connecting 
one  single  and  one  double  handle,  so  that  two  men  can  be  em- 
ployed to  carry  the  shot,  the  double  handle  being  to  prevent  the 
ladle  from  turning  over. 

Tongs,  Fig.  21S,  PI.  13. — ^To  pick  up  any  shot  which  may 
fall  upon  the  {(round,  iron  tongs,  joined  to  wooden  handles,  are 
used.  Tliey  consist  of  two  anus  joined  by  a  pivot,  each  arm  at 
its  lower  end  being  fastened  to  a  semi-circular  piece,  which  clasp 
firmlv  under  the  shot  when  the  handles  are  closed. 

Ladles,  Fig.  219,  PI.  13. — ^For  the  purpose  of  removing  the 
projectiles  from  gims,  when  it  is  not  desired  to  fire  them  off,  the 
.common  ladle  is  used.  It  consists  of  a  ladle-head  made  of  the 
same  kind  of  wood  and  in  the  same  way  as  a  rammer-head,  and 
the  ladle  proper,  which  is  of  sheet-brass,  fastened  to  the  head  with 
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copper  naiU.  Ladle-staves,  are  made  like  tliope  for  ramniers  and 
tjMiiigee,  and  are  fa&teticd  to  tlm  heads  iu  tlie  aaiiie  vaj,  with 
vooden  pine. 

WoBMfl,  Fig.  220,  PI.  IS.— These  are  made  of  iron,  twisted 
into  the  fonn  represented  in  the  figure,  with  a  socket  to  receive  the 
staff,  lo  which  it  is  fastened  with  an  iron  rivet.  Tliere  are  two 
sizes, — ouc  for  siege  and  garrison  guns,  the  otlier  for  field  artillery. 
ITiey  are  used  for  witJidrawing  cartridges,  rags,  &c.  from  the 
gnna. 

ScBAFKB,  Fig.  221,  PI.  13. — ^Tliis  implement  is  used  to  scrape 
the  nwidnc  of  powder  from  the  bore  of  mortars  and  howitzer*, 
and  remove  it  from  tlie  piece.  It  consists  of  a  handle  of  iron, 
having  a  seraper  at  one  end,  and  n  spoon  for  collecting  dirt  at  the 
other,  both  being  made  of  steel. 

Dmcnoreo-Box,  Fig.  222,  PI.  13.— To  render  the  fuzes  of  mor- 
tar shell  more  certain  of  taking  tire,  meal-powder  is  sprinkled 
over  tlicm,  after  the  shell  is  placed  in  the  mortar,  from  a  dre<lging- 
box.  It  is  made  of  sheet  copper.  The  top  fits  over  tlie  box,  and 
ia  pierced  with  holes  for  the  escape  of  the  powder. 
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PowDKE-MKAsvitks  are  used  for  measuring,  not  only  the 
charges  for  shells,  but  alao  those  for  the  pieces  thcmsclvos ;  bnt 
for  the  latter,  when  great  accuracy  is  reqnirwl,  the  charges  should 
be  weighed.  They  are  made  of  sliect-cop]>er,  and  cylindrical  in 
shape.  Tlic  bottom  is  made  with  a  flange,  turned  downwards, 
and  is  soldered  to  the  sides. 

For  dimensions,  sec  Appendix,  p.  31. 

FntarEL. — ^This  is  made  of  sbect-eopi>er,  and  is  used  for  pour- 
ing the  charges  from  the  powder-uieaenre  into  the  shell.  It  is  of 
the  ordinary  sbajte,  the  upper  edge  being  turned  over,  outwards, 
to  itifleD  it. 

FrzK-SinTEB,  Fig.  223,  PI,  13,  for  setting  wooden  fnies  in  the 
ftuE«-hole.  It  it  made  of  braes ;  the  bottom  is  conntcrsunk  and 
enp-cbapcd,  to  prevent  it  from  slipping  off  from  the  bend  of  the 
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Fuze-Mallkt,  Fig.  224,  PI.  13,  for  setting  the  fuze  home.  It 
is  cylindrical  in  shape,  with  a  handle  on  one  end,  and  is  turned 
out  of  one  piece  of  dogwood,  oak,  or  other  hard  wood. 

Fuze-Saw,  for  cutting  wooden  fuze  to  the  proper  length.  It 
is  a  common  10"  tenon  saw. 

Gunner's  Callipkks,  Fig.  226,  PI.  14,  are  made  of  sheet-brass, 
with  steel  points.  The  two  branches  are  connected  by  a  brass 
pivot,  fastened  on  tlie  upper  side  by  a  washer  and  screw.  To 
prevent  the  screw  from  working  loose,  the  upper  end  of  the  pivot 
and  the  hole  in  the  washer  are  made  square.  Besides  the  gradua- 
tions marked  in  the  drawing,  other  useful  data  may  be  engraved 
on  the  reverse  side. 

The  scale  of  inches  and  parts  on  the  edge  (see  Fig.)  is  used  for 
measuring  lengths  of  fuzes,  &c.  Tlie  callipers  are  also  used  to 
measure  the  diameter  of  shot  and  the  caliber  of  guns.  For  mea- 
suring shot,  the  points  are  placed  at  the  opposite  extremities  of  a 
diameter,  when  the  size  of  the  shot  is  shown  by  the  figures  placed 
on  the  small  arc  on  the  circular  part  of  the  arm  near  the  joint, 
the  inner  edge  of  the  other  arm,  or  a  mark  on  it,  coming  in  suc- 
cession opposite  the  different  points  which  mark  the  sizes.  To 
measure  the  caliber  of  a  gim,  the  position  of  the  puints  is  reversed ; 
they  are  pressed  against  the  sides  of  the  bore  at  the  extremities  of 
a  diameter,  and  the  caliber  is  read  off  from  the  line,  on  the  scale 
marked  "guns,"  with  which  the  back  of  the  other  branch 
coincides.  The  graduations  on  the  scale  next  below  the  one 
marked  "  guns,"  will  give  the  diameters  in  inches.  Those  on  the 
outside  arc  of  the  arm  designate  degrees  and  parts  of  degrees. 

Fuze- Auger,  Fig.  226,  PI.  14.  After  fuzes  are  set  in  position, 
it  sometimes  becomes  necessary  to  reduce  the  length  of  the  compo- 
sition column,  to  do  which  the  fuze-au^er  is  employed.  It 
consists  of  a  steel  hit^  fastened  in  a  wooden  handle,,  at  the  lower 
end  of  which  is  a  brass  socket,  with  a  bar,  under  which  the 
graduated  limb  of  the  slider  moves.  Tlie  bit  fits  into  the  slider, 
and  is,  by  a  steel  thumb-screw,  fastened  to  it  in  any  required 
position.  Tlie  position  of  the  slider,  which  determines  the  depth 
to  which  the  auger  bores,  is  regulated  by  a  scale  attached  to  it 
bv  a  screw. 

The  Shell  Plug-Screw,  Fig.  227,  PI.  14,  for  extracting  the 
corks  or  wooden  plugs  with  which  fuze-holes  are  stopped,  is  made 
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f  iron,  and  cousists  of  a  ring  2"  in  diameter,  to  wliicli  is  fostened 
'  ft  Btrong  screw. 

The  FrEK-EsTRACTnH,'Fig.  228,  PI.  14,  ia  need  for  extracting 
wooden  fuzes  from  the  fiize-hole  when  they  have  been  too  firmlir 
driven  to  be  withdrawn  in  any  other  way.  It  conaieta  of  an  inner 
screw  and, stem  of  Btcel,  riveted  to  an  iron  handle,  and  contained 
in  a  hollow  eteel  serew,  which  works  iiii  on<l  down  hy  mcana  of 
in  iron  nut  with  twi>  handles.  The  hollow  screw  is  jirevciited 
h>ni  turning  by  a  slot  and  a  feather  in  the  frame,  which  h  of 
mas.  The  nut  ia  kept  in  place  by  fuur  iron  set  screws,  ttie  points 
i  which  enter  into  a  groove  in  the  nut  To  extract  a  fuze,  the 
lettom  of  the  frame  is  placed  on  the  shell  over  the  fuze  head,  and 
he  inner  screw  screwed  into  tlio  fuze,  by  mcnnB  of  the  upper 
ikIIu.  Tlic  handles  of  the  nut  are  then  turned,  which  raises  the 
lolUiw  screw,  and  witli  it  the  inner  screw  ajid  the  fuze. 

PoET«BK  CurncK,  for  cutting  jiortiireB  to  place  in  the  shells  or 
at  otlier  purposes.  It  is  simply  a  strong  jiair  of  steel  Boissors, 
rith  an  indentation  1  in.  wide  and  .4  in.  deep  made  in  one  of  the 
llul»D  for  tlio  purpose  of  holding  the  portfire, 

lltnnNO    AXD   nEtNO    IMrLEKENrS, 

PnunHo-WiBE,  Fig.  229,  PI.  14,  for  pricking  the  cartridge 
fore  priming  when  the  quill  or  metal  tubes  are  ufccd.    It  is  iiiadti 

wire  a  little  leas  in  diameter  than  tlie  vent,  sloping  to  a  pomt 
one  end,  aiid  at  the  other  bent  into  a  circle,  which  serves  to 
ltd  it  by,  as  well  as  prevent  it  from  slipping  tUroagh  the  loop  on 
D  tube  pciacli,  where  it  Is  carried  when  not  in  use. 

Oi'nner'b  Gimlkt,  E  Fig.  229.  PI.  14,  is  of  th«  same  form  and 
X,  except  lliat  at  the  [loint  a  small  screw  Is  formed.  It  is  uwd 
r  boring  out  plug»  which  may  have  been  in«ertcd  in  the  vent, 

the  sterna  of  priming-tubes  which  may  have  become  wedged 
there. 

Vi3fT-PcxrH,  Fig.  230,  PI.  14. — Sometimes  these  obstmctioDi 

cannot  be  withdrawn  by  the  gimlet,  or  an  iron  plug  may  have 

been  inserted,  iu  which  case  it  is  forced  in  with  the  vent-pnnch. 

is  is  a  short  wire  of  the  same  sin;  as  the  preceding,  cut  off 

[Uarv  at  one  end,  and  with  the  other  brazed  into  an  iron  head. 

le  hi-ad  has  u  hole  iu   it,  tliruugh  which  a  n&il  or  piece  of 
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wire  may  be  inserted,  to  aid  in  withdrawing  the  punch  from 
the  vent. 

Gunner's  Pincers,  Fig.  231,  PL  14.-^K  the  obstruction  in  the 
Tent  projects  beyond  the  surface  of  the  gun,  or  has  a  head,  it  may 
be  withdrawn  with  the  gunner's  pincers,  which  are  made  of  iron 
with  steel  jaws,  and  have  on  the  end  of  one  of  the  arms  a  daw  for 
drawing  nails,  &c. 

Lanyard  and  Hook,  Fig.  232,  PL  li. — ^The  almost  universal 
metliods  of  firing  cannons  now  is  by  means  of  friction-tubes,  the 
only  implement  required  being  a  lanyard,  or  cord  of  suitable 
length  fixed  at  one  end  to  a  wooden  handle  on  which  it  is  wound 
when  not  in  use,  and  having  at  the  other  end  a  small  hook  which 
enters  the  eye  of  the  tube.  When  quick-match  is  used  for  priming, 
it  is  usually  set  fire  to  by  using  a  piece  of  lighted  slow-match  heli 
in  a  liiiatocky  which  is  a  short  staff  of  oak  or  ash  with  a  pointed 
ferrule  to  stick  in  the  ground,  and  near  the  head  a  hole  through 
which  passes  the  end  of  the  slow  match. 

Tube-Pouch,  Fig.  233,  PL  14,  for  containing  the  friction-tubeB^ 
lanyard,  and  thumb-stall,  and  carrying  the  priming-wire  and  gun- 
ner's gimlet.  The  sides  and  ends  are  made  of  russet  sole-leather.  It 
has  two  covers,  the  inner  one  having  end-pieces  sewed  to  it  which 
shut  over  the  ends  of  the  pouch.  Tlio  outer  one  or  flap  is  of  the 
same  piece  as  the  back,  and  is  fastened  down  by  a  strap  to  a  brass 
button  riveted  to  the  bottom  of  the  pouch.  It  is  provided  with 
a  waist-belt,  which  passes  through  two  loops  sewed  to  tlie  back  of 
the  pouch.  Two  small  loops  sewed  to  the  inside  of  the  flap-serve 
for  carrying  the  priming-wire  and  gimlet. 

Thumb-Stall,  Fig.  234,  PL  14,  is  made  of  buckskin,  with  the 
pad  stuffed  w^ith  hair,  and  a  string  at  the  end  also  of  buckskin, 
to  tie  around  the  wrist.  It  is  used  to  stop  securely  the  vent  whilst 
the  piece  is  being  loaded. 

Besides  the  implements  described  in  the  foregoing  classes, 
there  are  others  which  are  used  with  the  pieces  in  managing 
them,  and  which  will  now  be  described. 

EoLLEB  IIandspike. — ^This  is  for  working  the  eccentric  rollers 
of  casemate  carriages,  and  is  made  of  round  iron  tapering  to  fit 
the  mortise  in  the  eccentric.  It  may  be  made  single  like  a  truck 
handspike,  or  with  two  branches  to  fit  in  both  mortises  of  the 
roller  at  the  same  time. 


tMPLEMENTS. 

Tecck  Hjihdspike,  for  use  with  caecmatc  carriages  in  ruiming 
i  from  battery.     It  is  made  of  round  iron,  tapered  to  fit  the 
mortificA  in  the  periphury  of  tlie  pun-carriage  tnicks. 

l*Kou>Nai£,  Fig.  235,  PI.  H. — It  is  made  of  3i"  hemp  rope.    A 

togylf  ie  fastened  to  one  end  hy  three  Tings  and  a  thimhie,  which  is 

wtirkeil  into  the  rope ;  another  tliimblo  holds  a  luiok  at  the  other 

ead  of  t}ie  rope ;  the  Bpli<;e  at  each  end  ia  gened  with  marline. 

1^0  Hugs  are  lashed  to  the  prolongs  witli  i"  marline,  for  which 

pose  they  hare  a  straight  side,  whieh  is  made  to  fit  the  pro- 

ige-ropo.     The  prolougc  is  used  with  Seld  pieces  to  attach  the 

to  tlio  limber  when  firing  in  retreat,  or  advancing,  inetead  of 

iboringnp:  fortbesamc  purpose  in  crossingditches;  for  slinging 

iccc  to  a  limber;  fir  righting  carriagps  when  upset,  and  for 

other  purposes.     It  i«  26'  1"  long,  and  is  carried  wound 

lUiid  ihe  prolongo-hooks  on  the  trail  of  the  piece. 

IJkao-Rope,  Fig.  238,  PI.  14.     This  is  a  4 '  hemp  rope,  with  s 

thimble  woritcd  into  each  end,  one  of  tho  thimbles  carrying  » 

book.     Six  handles,  made  of  oak  or  asli,  are  put  in  between  tlie 

stTftuds  of  tho  rope,  luid  laeJicd  with  marline.     It  is  used  to  assist 

extricating  carnages  from  different  positions,  by  the  men,  for 

rging  pieces,  &c.     Length  2S  feet. 

Mkk's  IlAKxiiXB,  Fig.  237,  PI.  H,  is  made  of  4"  rope,  with  two 
thiiiiUe«  and  a  hook  like  the  drag-rope.  Six  loops,  made  of  bag- 
lentiier,  are  attached  to  the  rope  in  pairs,  by  means  of  knots 
worked  in  tlie  ro(>e,  or  by  ieatlier  collars  sewed  to  it  with  strong 
twine.  As  implied  by  it*  name,  it  is  used  for  harnessing  the  men 
til  the  pieces,  under  circmustances  where  Iiorses  cannot  be  used, 
in  dragging  them  up  very  steep  ascents,  &c.  Length  IS  feet. 
Ytsrt  GovEK, — It  is  made  of  black  bridle-leather,  and  used  to 
,p  oTor  and  protect  the  vent  of  a  piece ;  a  pin  of  copper  or 
1,  fastened  by  two  rivets,  enters  the  vent,  to  prevent  the  cover 
slfppiug.  It  is  faetoiiod  to  tho  piece  by  a  buckle  and  strap, 
latter  pacing  around  the  breech,  the  length  of  it  de[>unding 

the  size  of  the  gun. 

Tow-Hook,  Fig.  2.^t>,  PI.  14.— It  is  made  of  round  iron,  with  a 

at  one  end,  and  a  small  hammer  wchled  to  the  other.     It  is 

led  for  unpacking  the  ammunition  chests  of  field-carriages,  the 

liamincr  being  tised  for  making  any  repairs  on  the  strapped  shot 

and  sliuil  and  fixed  ammmutlon,  which  may  be  found  necessary, 

r  for  any  other  purpose. 
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Sponge  Bucket,  Fig.  239,  PI.  14,  for  field-gun  carriages.  It  is 
made  of  Blieet-irou.  The  top  and  bottom  are  turned  over  the 
Bides  and  fastened  with  rivets ;  or  the  bottom  may  be  fastened  to 
the  sides  by  a  double  fold,  and  stiffened  with  a  hoop  shrunk  on 
above  the  seam. 

The  Float  is  of  wood,  fastened  by  two  rivets  to  a  cross-bar, 
and  is  put  in  before  the  toj)  is  fastened  on.  It  serves  as  a  cover  to 
the  bucket,  by  turning  it  after  the  ends  of  the  bar  are  drawn 
through  the  openings  left  for  them  in  the  top.  The  handle  of  the 
float  is  fastened  to  it  with  two  rivets,  and  is  connected  with  the 
bail  or  handle  of  tlie  bucket,  by  two  rings  and  a  chain.  The  bail 
is  fastened  to  the  bucket  by  two  ears  which  are  riveted  to  the 
sides.  A  toggle  is  fastened  to  the  top  of  the  bail  by  two  links  and 
a  swivel,  and  is  used  to  attach  the  bucket  to  the  eye  of  the  axle- 
strap  on  the  gun-carriage.  This  bucket  is  used  to  contain  water 
for  dipping  the  sponge  in  when  washing  out  the  pieces. 

Tar-Bdcket,  Fig.  240,  PL  14. — It  is  made  of  sheet-iron,  and 
in  the  same  manner  as  the  sponge-bucket.  Tlie  cover  is  fastened 
to  the  top  by  a  rivet,  on  which  it  turns,  and  is  kept  closed  by 
shutting  over  a  stud  riveted  into  the  top  of  the  bucket.  Tlie  ears 
are,  as  in  the  other,  riveted  to  the  sides  of  the  bucket,  and  a  ring 
for  suspending  the  bucket  on  its  hook,  is  connected  with  the  ears 
by  two  chains  and  hooks.  Tlie  bucket  is  used  for  carrying  tar 
along  with  the  pieces,  for  use  on  marches. 

AVater-Bucket,  Fig.  241,  PL  14,  for  forge  and  battery  wagons. 
It  is  made  of  a  bottom  and  staves  of  oak,  hooped  with  three  iron 
hoops,  riveted  at  the  ends  and  to  the  bucket.  Tlie  ears  are  let  into 
the  sides,  and  secured  each  with  a  rivet.  Tlie  ends  of  the  bail  are 
bent  and  hooked  into  the  ears,  and  at  top  is  connected  by  a  swivel 
to  a  single  link. 

Tliese  buckets  are  now  made  of  leather,  the  seams  sewed  and 
riveted  together,  and  the  whole  painted.  This  makes  a  much 
lighter,  and  quite  as  durable  a  bucket. 

AVater-Bucket,  Fig.  242,  PL  14,  for  garrison  service.  With 
some  modifications  in  the  form,  this  bucket  is  made  in  a  similar 
manner  to  the  preceding,  but  the  handle  has  no  link  and  swivel 
attached  to  it. 
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CHAPTER    XI. 


AMMUXmON. 


TuE  term  aiuiannition  comprises  the  charges  of  powder  and 

ijectiica  required  either  in  Uie  uee  of  Bmall  arms  or  of  can- 

i,  prepared   and  ready  lo  be  plaeed  in  the  piece;  and  in  n 

lore  vxlundcd  Bcnflc,  is  applied  to  all  tlio  storee,  i&c,  nswl  with 

the  antu. 

FiUKnoKKs. — By  the  term  fireworks  ia  meant  tlio  different 

pyroUicIinical  preparatloiu  used  in  warfare.     Tlic-y  are  divided 

ito,  lach  lus  are  uevd  to  communicate  fire  to  tlio  charge  in  a  guQ ; 

which  are  UMi*d  to  cumnumicate  fire  to  the  char/p'  in  hollow 

>ject)lv»;  war  and  signal  rocktUi ;  firt  and  light  hall*. 

UiDK-rr. — III  wiir  service  tlie  ammunition  and  firewnrka  are 

le  up  ill  the  arsenals,  under  charge  of  the  ordnance  depart- 

Great  care  Hhonld  he  taken  in  their  manufacture,  eitpe- 

lljr  in  regard  to  some  of  the  most  inflamraahle. 

Tliu  bnildings  ehonld  bo  as  light  as  jmsiiible,  in  order  to  Icucn 

to  cfii-ct  of  an  explosion  ;  and  the  use  of  iron  is  avoided  at»  much 

a«  pOMihlu  in  making  them,  and  the  tables,  fixturcn,  and  tonU  to 

be  u»e<l.     If  iron  naila  are  used  in  thu  fiixirt,  tli«  head-4  should  be 

driven  1>eIow  the  turfaee  and  covered  with  putty;  and  as  further 

fautiona,  use  oil-clotha  or  oarpeta,  and  have  them  freqnently 

In  rooms  where  powder  is  need,  the  men  should  be  made 

to  wear  socks  or,  better  still,  sUppors  which  are  nut  worn  out  of 

tiic  room.     Xu  more  jwwdor  tlian  is  Dceo8«ary  is  kept  in  the  labo- 

r«tnry  at  a  time,  and  the  aniniunitiou,  &c.,  when  finished,  i»  taken 

tu  tl)c  magazine.     Powder-barrels  and  ammnnition-boxao  must 

bo   carried,  when  moved,  iu  hand-barrows,  and  not  rolled  or 

dni|[ged  along  tbe  floor.    Rocki  ts,  port-fires,  fuzes,  &c.,  should 
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be  driven  in  rooms  bj  themselveB,  and  where  no  powder  or  com- 
position is  present  except  that  in  use. 

AMMUNmoN  FOB  Field  Sebyice. — ^Tliis  consists  of  the  charge 
of  powder  contained  in  a  cartridge-bag,  either  fixed  to  or  separate 
from  the  projectile. 

Cabtbidoe-Baos. — ^The  cartridge-bag  should  be  made  of  wild- 
bore,  merino,  or  bombazette,  which  should  be  composed  entirely 
of  wool,  free  from  any  mixture  of  thread  or  cotton,  which  would 
be  apt  to  retain  fire  in  the  piece.  The  texture  and  sewing  should 
be  close  enough  to  prevent  the  powder  sifting  through.  Un- 
twilled  stuff  is  to  be  preferred.  Flannel  may  be  used  when  the 
other  materials  cannot  be  obtained. 

The  bag  is  formed  of  two  pieces,  a  rectangle,  which  forms  the 
cylinder,  and  a  circular  piece  which  forms  the  bottom.  As  the 
stuff  does  not  stretch  in  the  direction  of  its  length,  the  long  side 
of  the  rectangle  should  be  taken  in  tliat  direction,  otherwise,  the 
cartridge  might  become  too  large  for  convenient  use  with  its 
piece. 

The  material  is  laid,  sometimes  several  folds  thick,  on  a  table, 
and  the  rectangles  and  circles  marked  out  on  it  with  chalk,  using 
for  the  purpose,  patterns  made  of  hard,  well-seasoned  wood,  sheet- 
iron,  or  tin.  (For  the  dimensions  of  these  patterns,  see  table,  p. 
30,  of  the  Appendix.)    The  pieces  are  then  cut  out  with  scissors. 

The  short  sides  of  the  rectangle  are  sewed  together,  allowing 
half  an  inch  for  seams,  and  the  bottom  sewed  in  with  the 
same  allowance.  The  sewing  is  done  with  woolen  yarn,  twelve 
stitches  to  the  inch.  The  two  edges  of  a  seam  are  turned 
down  on  the  same  side  and  basted  to  prevent  the  powder  from 
sifting  through.  The  bottom  edges  are  basted  down  on  the  sides. 
Bags  to  be  used  with  fixed  ammunition  are  not  sewed  all  the  way 
to  the  top.  They  should,  when  filled,  pass  through  the  small 
shot-guago  of  their  caliber,  and  while  empty,  are  verified  by 
comparing  them  with  a  pattern,  or  having  two  marks  on  the  table 
between  which  they  should  fit. 

BLANK-OABTBmoE  Baos,  or  thosc  intended  for  immediate  use, 
may  be  made  of  two  rectangular  pieces  with  semi-circular  ends 
sewed  together.  Tlie  pieces  are  marked  out  with  stamps  made  of 
one-inch  board  with  a  handle  in  the  middle  of  one  side,  and  on 
the  other  two  projecting  rims  of  copper  or  tin,  parallel  to  each 
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other,  an^  Iialf  an  incli  apart.    The  outer  one  Lcing  at  the  edge 

I  of  the  board,  marks  where  the  atuff  ia  to  he  cut,  while  the  inQor 

norks  the  sewiDg  line.    The  bottome  of  these  rims  are  roughened 

I  retain  tlie  chalk  or  paste  used  for  marking.    (Sec  page  32, 

Appendix.) 

Packing  juto  Pueskkvino. — ^Tlie  liags  are  prcsenp'od  from  moth 
by  being  packed  with  pounded  camphor  and  hlaclc  pepj>er,  or 
dipped  in  water  with  arsenic  dissolved  in  it,  and  then  dried.  Or 
they  may  be  sealed  up  in  packages  of  5(t,  in  cases  made  of  car- 
tridge paper,  with  tlio  seams  carefully  closed  by  parting  over 
them  strips  of  thin  paper.  Each  package  i&  marked  witli  the 
number  and  kind  of  bags. 

They  may  be  protected  from  moisture  by  being  enveloped  In 
water-proof  paper,  and  inclosed  iu  barrels  or  boxes,  like  car- 
tndge«  for  small  anns. 

F11.1.INO. — When  special  accnracy  is  required,  charges  arc  care- 

,  fnlly  weighed  in  delicate  scales ;  but  usually  the  hags  are  filled 

hlty  moaeurcmont.     For  this  purjMJse,  14  cylindrical,  copj>cr  pow- 

[  dvr-nioasnros  are  provided,  each  containing  a  known  quantity  of 

powder,    (See  Appendix,  p.31 .)    Each  diiFercnt  kind  is  filled  by 

itwlf.     (See  Appendix,  p.  31,  for  charges.)     Blank  cartridges, 

ind  those  for  the  12-pd.  gun,  are  simply  tied  firmly  abont  the 

[  tliroat  witli   twine.     Ttiosc  fur  fixed  ammonition  are  left  open 

BOtil  the  projeetiles  are  ready.    Those  fur  the  24-pd.  and  33-pd. 

bowitcen  being  used  separate  from  the  projectiles,  are  fixed  to 

cartridge-blocks,  to  give  them  a  better  finUh,  to  help  fill  the 

cbainher,  and  to  prevent  them  from  turning  in  the  bore  when  the 

piece  is  being  loaded.     Tliesc  blocks.  Fig.  166,  are  cylindrical  in 

I,  with  one  groove,  and  the  height  depends  upon  the  charge 

The  grooved  end  is  inserted  in  tlie  mouth  of  tlie  bag  resl- 

f  on  the  powder,  and  the  bag  being  pulled  np  over  it,  a  tie  is 

lade  with  ft  ]>iocc  of  twine  iu  the  groove.     The  mouth  of  the  hag 

*  Is  then  turned  down,  and  anotlier  tie  made  over  it,  between  the 

block  and  the  powder,  wliich  prevents  the  powder  from  working 

up  hclween  the  block  and  the  bap.     Tlic  superfluous  part  of  the 

bsg  is  then  cnt  off,  and  the  cartridge  covered  witli  its  cylinder 

■nd  cap,  which  will  he  described  hereafter.     The  cartridge  blocks 

■TO  made  ot poplar,  lindfn,OT  other  soft  wood.     (For  dimensions. 

He  Appendix,  p.  32.) 
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Tub  Sabot,    Fig.  164,    for  gnns,    ia  cylindrical  or   newly 
BO,  in  shape,  and  for  the  howitzers,  conical.     It    "'     *""" 
is  made  of  the  same  woods  as  the  cartridge-block, 
and  should  be  clear  of  knots  and  splits,  and  well 
seasoned. 

Sabots  for  shot  and  spherical  case  for  guns 
have   one  groove  for  attaching  the  cartridge ;  ' 
those  for  gun  canisters  and  for  the  12-pd.  how- 
itzer shells,  spherical  case,  and  canister  have  two 
grooves.  A,  Fig.  164.    Sabots  for  tlie  32-pd.  and 
24-pd.    howitzers.    Fig.    243,    have    no 
grooves,  but   are  furnished    with    han- 
dles  made  of  a  piece  of  cord,   passing 
through  two  holes,  and  fastened  by  knots 
countersunk  on  the  inside.    (For  dimen- 
sions, see  p.  84.) 

The  sabots  are  fastened  to  shot  and 
shells  with  strips  of  sheet  thi,  which  are 
cut  with  shears,  and  straightened  with  a 
wooden  mallet  on  a  block  of  lead. 

For  shot,  there  are  two  straps  cross- 
ing at  right  angles,  Fig.  244,  one  passing 
througli  a  slit  in  the  middle  of  the 
other.  For  shells,  there  are  four  straps 
soldered  to  a  ring  of  tin, 
or  fastened  to  it  by  cut- 
\  ting  four  slits  in  the  ring, 
/  into  which  tlie  upper 
I  cuds  of  tlie  straps  are 
hooked  and  turned  down  o 
ring.    Fig.  245, 

STBAPPta)  Shot  ahd  Shell. — To  prepare  these 
A  helper  knocks  oS  the  scales  from  the  balls  with 
a  hammer,  cleans  and  dries  the  interior  of  the 
.  shells  if  requisite,  wipes  the  balls,  and  gauges 
I  them  both  before  and  after  they  are  strapped. 
The  workman  inserts  the  roughest  part  of  the 
shot  in  the  cavity  of  the  sabot,  and  strikes  a 
few    blows    on    the   bottom  of   the  sabot  to 


1  tlie  inside  of  the 


I 
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make  tlie  ebot  enter;  he  can  tell  by  the 
Bound  if  tlie  shot  toucbes  the  bottom  of  tho 
CBvit/  ;  if  it  docs  not  touch,  he  tries  another 
Hbut.  With  tlte  edge  of  the  bammcr  ho 
bcodB  one  end  of  the  strap  which  is  not  slit 
into  the  groove  of  the  sabot,  piUK^hes  and 
iuuIb  it ;  be  fastens  the  other  end  in  the  same 
manner,  cutting  off  the  superHuuus  length  ; 
be  then  nails  the  other  Btrap,  and  with  his 
hammer  sets  them  both  in,  close  to  the  ball, 
at  the  top  of  the  sabot. 

Tlie  aabots  for  32  and  2-i-poiinder  field 
howitzers  having  no  groove,  Fig.  245,  each 
■trap  is  fastened  bjr  one  nail  on  Uie  aide  and 
two  ander  the  bottom  of  the  eabot.  Two 
men  can  strap,  in  ten  hours,  13U  shot,  or  75 
diell»,  cutting  the  tin  from  the  sheet. 

If  tin  or  sheet  iron  cannot  be  procured, 
■trap»  may  be  made  of  atrotiff  canvat,  onois.pd.ii< 
inch  wide,  sewed  at  the  point  of  croseing. 
Tlie  part  of  the  ball  which  ii  to  be  inserted 
into  the  sabot  is  dipped  in  glue;  tlie  straps 
are  also  glued  to  the  ball ;  the  ends  are 
doubted  into  the  groove,  and  secured  by  two 
nails  in  each  end.  Another  method  is  to 
wrap  round  tho  ball  a  baud  of  canras,  one 
iBefa  wide,  one  half  of  which  is  glued  to  the 
liall,  the  other  to  the  sabot. 

AVtien  the  shot  is  attached  to  tlie  eabot  by 
a  eingle  band  of  canvas,  or  when  it  is  plaoed 
in  tho  eabot  without  any  strap,  the  cartridge- 
blf^  is  drawn  over  it,  and  tied  on  top ;  for 
tbia  purpose  the  bag  should  have  an  addi- 
tional length  of  from  2^  to  3  inches. 

ATlien  aabota  cannot  be  obtained,  place 
I'topon  the  powder  a  layer  of  tow,  about  0.3 

thidc,  fomting  a  bed  for  the  shot ;  tic  the 
the  ahot  and  around  the  tow  ;  tho 
to  be  one  inch  longer  than  for 
■huL 
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Tlie  shells  must  be  properly  cleaned  and  dried  before  being 
attached  to  the  sabots. 

FuzE-PLros,  Fig.  248. — ^Tlie  fuzes  for  field  shells  f^s  \ 
and  spherical  case  are  inserted,  at  the  moment  of 
loading  the  gun,  into  wooden /uze^licga^  previously 
driven  into  the  shells. 

These  plugs  are  made  of  heechj  perfectly  seasoned 
and  dried,  so  tliat  they  may  not  shrink  after  they  are  driven. 

(For  dimensions,  see  Appendix,  p.  34.) 

Loading  Shells. — They  are  set  up  on  their  sabots,  the  charges 
measured  out  in  the  proper  powder-measure,  and  poured  in  through 
a  copper  funnel.  The  fuze-plugs  are  then  driven  in  with  a  mallet, 
allowing  the  tops  to  project  about  0.1  of  an  inch,  care  being 
taken  not  to  split  them.  The  holes  in  the  plugs  are  then  care' 
fully  reamed  out,  and  stopped  with  tow  wads,  which  are  pressed 
in  firmly  with  a  round  stick. 

(For  charges,  see  Appendix,  p.  35.) 

Loading  Soiibapnkll,  oe  SpnEsioAL-CASE  Shot. — ^The  shot 
having  been  cleaned  and  strapped  to  the  sabot,  the  balls  are 
placed  in.  In  the  Baden  service,  before  this  is  done,  the  balls  and 
inside  of  the  shot  are  given  a  coating  of  a  kind  of  oil  (colza),  the 
object  being  to  facilitate  the  loading,  the  formation  of  the  powder- 
chamber,  and  the  flowing  of  the  sulphur.  It  prevents,  also,  the 
formation  of  cavities  by  the  sulphur  and  tlie  adhesion  of  it  to  the 
balls  after  the  explosion  takes  place.  This  last  is  a  very  important 
point,  since  a  serious  defect  in  schrapnells  loaded  with  sulphur, 
arises  from  the  balls  adhering  together  and  not  scattering  suffi- 
ciently. 

Formerly  the  powder  was  placed  in  loose,  with  the  balls ;  but 
tins  arrangement  was  very  liable  to  accidents,  and  if  the  powder 
remained  in  for  any  length  of  time  before  being  used,  it  was 
ground  up  and  became  otherwise  impaired.  Loading  with  sul- 
phur obviates  all  these  difficulties,  and  is  now  almost  universally 
adopted. 

The  balls  being  inserted,  a  stick  a  little  less  in  diameter  than 
the  fuze-hole,  and  having  a  groove  on  each  side  of  it,  is  inserted 
and  pushed  to  the  bottom  of  the  chamber  by  working  the  balls 
aside,  A  better  way  is  to  make  an  opening  through  the  balls 
with  a  stick,  and  then  insert  an  iron  spindle  in  three  parts,  the 
outside  pieces  being  inserted  first,  and  then  the  middle  part, 
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wlncli  is  narrower  than  tlie  others,  being  forced  in  between,  like 
a  weOge,  lenving  on  e»cli  Bido  of  it  an  opening  for  the  entrance  of 
I  tbeeulphnr.* 

Tlic  shot  is  now  plMced  in  a  Band-hath  or  oven,  and  brought  to 
•  proper  temperature,  which  may  be  determined  either  hy  a 
Aennonieter  or  by  making  iiae  of  bara  of  fusible  alloys,  coin[>osed 
aa  follows : — 


S  parta  of  Ud, 

5  ■'      "  l*>d. 

6  "      "  biMnatl). 


For  thf  n 


'M 


teni'  (  8  pirta  of  U 


I 
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Tlie  shot  is  at  tlic  proper  teniperatnre  to  receive  the  Bnlphnr 
Tphen  the  last  alloy,  being  bronght  in  contact  with  it,  melts  easily 
and  the  first  melts  with  ditBculty. 

The  melted  siilplinr  is  then  poured  in  to  &I1  up  the  intersticM 
between  the  balls,  the  shot  allowed  to  cool,  and  the  snlphurto 
harden,  when  the  stick  or  iron  spindle  i^  withdrawn,  and  the  sol- 
.jihur  adhering  to  the  sides  of  the  eye  and  surface  of  the  shot  ta 
'  removed.  It  is  scarcely  nceessar^'  to  stutc,  that  case  shot  loaded 
"in  this  way  are  not  attached  to  the  sabot  nntil  afterwnrde. 

If  a  fiize-pliig  and  paper  fuze  are  to  be  used,  the  eluirge  Is 
jdaeed  in  and  the  phig  inserted  exactly  as  for  a  tJiell ;  but  if,  as 
ill  moat  likely  to  t>c  the  case,  the  Boamiann  fuze  is  to  be  nsed,  the 
charge  is  inserted  and  tiie  stopper  and  fnze  screwed  into  thdr 
places,  care  being  taken  before  placing  the  fnze  in  position,  to 
punctnru  the  covering  of  the  magazine,  so  that  the  fire  can  com- 
municate with  the  charge. 

(For  charges,  see  Api>endix,  p.  85.) 

Tlie  iiae  of  gnipe-»hot  for  field  piwes  has  been  discontinntd 
for  a  nnniltcr  of  yean»,  it  being  considered  tliat  for  the  range*  of 
that  kind  of  artillery,  the  shot  of  which  canisters  are  made,  are 
large  enough,  and  the  canister  possesses  the  advantages  of  strik- 
ing a  great  many  more  jioinls  at  one  dischargethan  grai>c.  There 
is  an  advantage,  too,  in  not  having  so  many  diflferent  kinds  of 
ammnnition  for  a  pioec. 

CAXin-KR  8ii<rr,  Vlg.  2i9. — To  P^rm  the  eylindcr  for  canister 
ahot,  the  tin  is  lapiK-d  abont  6  inches  and  soldere<l.    It  is  then  fut- 

*  n*  Mktr  tail  U-Uar  m«thod  of  luadiag  MbntimcH  ihot  ha*  bten  irmiibtd 
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ened  to  the  eabot  with  6  or  8 
naile,  and  a  plate  of  rolled  iron 
18  placed  at  the  bottom  on  the 
Babot. 

The  exterior  diameter  of 
each  cauiBtcr  must  he  verified 
with  the  maximum  shot  gauge, 
and  the  interior  with  a  cjlin- 
der  of  a  diameter  0.02  in.  less 
than  that  given  in  the  table 
(see  Appendix,  p.  35),  which 
should  enter  the  canister. 

Before  filling,  dip  the  cyl- 
inder in  a  lacker  of  bees-wax, 
dissolved  in  spirits  of  turpen- 
tine to  prevent  it  from  rusting. 
Give  the  balls  and  plates  a  coat  of  paint  or  coal-tar.  To  fill  the 
canister,  place  it  upright  on  its  sabot ;  put  in  a  tier  of  balls, 
filling  the  interstices  with  dry,  sifted  saw-dust,  packing  it 
with  a  pointed  stick,  bo  that  the  balls  will  hold  by  them- 
selves when  the  case  is  turned  over ;  and  throw  out  the  loose 
saw-dust.  Place  another  tier  of  balls  and  proceed  in  the  same 
way  until  the  canister  is  filled  ;  cover  the  top  tier  with  a  layer  of 
saw-dust  and  put  on  the  cover,  wliich  is  a  circular  plate  of  sheet- 
iron,  settling  it  well  with  a  mallet  in  order  to  compress  the  saw- 
dust. The  top  of  the  cylinder  is  cut  into  slits  about  5  in.  long,- 
which  are  turned  down  over  the  cover,  thus  securing  it.  After 
it  ia  finished,  the  diameter  of  the  canister  should  be  verified  with 
the  maximum  gauge  of  its  caliber. 

Fixed  Ammukition. — Tliis  term  is  applied  to  the  powder-chai^ 
and  projectile  when  fixed  together,  forming  thus  one  charge  or 
round,  wliich  is  inserted  in  the  gun  at  the  same  time.  All  the 
ammunition  for  the  field  guns  and  12-pd,  howitzer  is  fixed. 
Tliat  used  with  the  24-pd.  and  32-pd.  howitzers  is  in  two  parts. 

Shot  Fixed. — ^The  bags  being  filled,  shaken,  and  gauged,  are 
carried  to  the  finishing-room.  Tlie  mouths  of  the  bag  are  twisted 
and  pressed  down  on  the  powder  so  as  to  settle  it ;  and  the  car^ 
tridges  are  then  placed  upright  in  a  tub  or  box  near  the  workmen, 
who  are  placed  in  pairs  facing  each  other  and  seated  on  benches. 


U1 


One  of  tlii-ni  ojiune  tlie  bag  and  leveU  the  powder,  and  the 
Sier  ineertd  tlie  e&hot  of  a  strapped  tdiot  Bqaare  upou  the  powder 
Bd  draws  up  the  mout!)  of  the  bag  over  the  shot.  The  firet  now 
ilccs  a  stick  with  ati  eye  bored  through  it,  and  passos  about  4 
»t  iif  twiiio  througli  the  eye,  making  two  turns  and  a  doable 
hitch  at  tbo  top  uf  the  sabot,  between  that  and  the  bull.  He 
nmki-s  a  knot  in  t)ii-  end  of  the  twine,  inserts  it  in  a  slit  made  in 
motlier  stick,  and  tighti-ns  the  double  hiteh  hy  rolling  the  twine 
a  the  Htieks,  and  bearing  on  the  eabot ;  he  then  takes  out  the  end 
f  the  twine  from  the  slit,  ties  it  witb  a  bard  knot,  which  he 
[ghtcne  with  the  assistance  of  tlie  sticks,  and  cuts  the  twine  off 
r  the  knot.  The  ^etrond  man  turns  dowq  the  mouth  of  the 
r  the  sabot,  and  the  Urst  makes  a  similar  tie  in  tlie  groove, 
i  another  below  the  sabot,  the  twine  being  lodged  between  it 
fad  the  i)Owder.  The  paper  cylinder  is  then  run  over  tlie  car- 
bdge  and  sabot,  leaving  about  2  iuchee  of  tbo  end  of  the  car- 
ridge  uncovered,  and  tied  in  the  groove  of  the  sabot  vith  a  tie 
like  the  others.  The  shot  is  then  examined  to  see  that  tlio  sabot 
ia  properly  fixed  and  straight,  on  the  same  axis  with  the  cartridge, 
1  straightened  if  nccaisary.  The  aeama  of  the  bag  should  be 
ween  two  straps  and  the  knots,  neither  on  tlte  seams  nor  tlie 

Fig.  165. 
Tlie  cartridge  is  now  passed  through  the  largo  guage,  which 
1 0.04  in.  larger  than  the  largu  shot-guage ;  and  if  found  of  the 
;lit  size,  tlic  paper  cap  is  put  on,  the  cartridge  laid  on  its  side 
I  a  box,  and  afterwards  carried  to  the  magazine.     Tliose  cart- 
ridgM  which  will  uut  pass  tlirough  the  guage  arc  returned  to  the 
men,  who  cat  thestrings,  and  put  them  up  anew. 
^K      ¥ixKo  CjjnsTKK. — CauisterB  arc  fixed  in  the  same  way  as  shot, 
^Bicept  that  witli  the  canister,  its  sabot  having  two  grooves,  the 
^Hvt  tie  is  made  in  the  upper  one.     The  paper  cylinder  is  tied  in 
^^k  lower  groove.    The  cape  are  made  somewhat  shorter  tliaa 
^^ppse  for  ahot-cartridgoa.    Figs.  24U  and  165. 
^^T  FncicD  Sbklls,  asd  Sphilaical  Case,  fuh  12-Pu.  Uowmiat. — 
The  fthella  and  spherical  case  are  fixed  in  the  same  manner  as  the 
canisters.    Fig.  246. 

Fob  thb  Mocst-us  Uowmi«. — The  sabot  having  but  one 
groore,  tJio  first  tie  is  omitted,  and  the  cartridge  is  covered  with 
a  cap  only. 
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The  great  ailvantage  iu  having  Bx&i  amiuaoitinn,  it 
facility  and  c«rtainty  in  loading ;  and  were  it  not  for  Uie  fact  Uitt 
it  would  become  entirely  too  unwieldy  for  prtunptand  coovemist 
handling,  it  would  bo  well  to  Imvc  h11  field  ammuuitioti  Sxed. 
(See  Appendix,  p.  36.) 

CvLisuEUB  AND  Cap8. — FoF  the  greater  seeiirity  of  field  aouun- 
nition,  the  cartridges  are  covered  with  paper  eylindera  and  cnpt. 
They  are  both  made  together  on  the  same  fonucr,  which  ia  n  piem 
of  board  with  diglitly  inclined  sides,  and  rounded  edged.  AroniKl 
this  former  the  paper  is  placed,  and  lii]>ped  ]  of  an  in.  for  jisstii^ 
The  requisite  length  for  the  cyluidcr  h  cut  front  tlie  smaUor  end, 
the  rest  forming  the  cap,  which  is  choked  at  the  t-nd  from  wliid 
the  cylinder  is  cut.  For  this  puri>06e  ft  cylindrical  former 
wood,  with  an  hemispherical  end  is  used,  which  should  be  bond 
through  the  axis  to  facilitate  the  drawing  off  of  the  cap. 

Tlic  cylinder  fits  over  the  body  of  the  cartridge  and  *  p«t 
the  sabot,  while  the  cap  fits  over  the  end ;  and  when  dniwii  ofl^ 
which  is  always  done  when  the  ckrtridgv  is  plaeud  in  the 
leaves  the  lower  end  of  the  cartridge  expfjsvd,  eo  that  the  primii^ 
wire  or  fire  from  the  friction-tnbe  can  reach  it  without  g 
through  any  paper.  In  firing  shot,  the  cap  when  drawn  offing 
bo  placed  over  the  shot,  to  diminish  windage.  (For  dli 
of  formers,  see  Appendix,  p.  32.) 

Packing, — Field  ammunition  is  paeke<l  in  boxe*  of  mil 
Beasoned  stuff,  IJ  in.  thick  and  dove-tailed  at  the  comem,  Tht 
cover  is  fastened  with  screws,  and  a  rope  handle  iltocliud  to  ft 
hracket  is  fixe<l  at  each  end.  Tlio  boxes  are  p«lQted  olive  coldr 
on  the  ontside,  and  the  kind  of  ammunition  is  markt^d  uu  botfa 
ends  in  large  white  letters.  TIic  place  and  dutc  of  fabrication  «« 
marked  on  the  inside  of  the  cover. 

Fob  GrsB. — Shot,  sphorical-cafle  and  pani*t«r  Hxvd,  are  laid  &i 
two  tiers  across  tho  box,  the  projectiles  allematliig  with  the  cart- 
ridges at  cHch  side.  Tile  projectiles  of  the  upper  tiw  rest  onthoae 
of  the  lower,  and  not  on  the  cartridges. 

For  M-pdr.  ash  24-pi>r.  Ilowrrztnis. — SAtlU  and  SpAmetl- 
ca«e  Shot. — Placed  upright,  the  halls  di>wn,  rc»iting  on  fclripsof 
wood  ahont  0.3.^  in.  thick,  placed  leugtliwie^  of  thi-  box  and  uaDrd 
to  the  bottom,  bo  as  to  prevent  the  fuze-phige  from  hcariug  on  the 
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tttan  of  tho  box.    Tb«  balls  uv  li«]<)  doim  by  Mudl  iCript  at 
i  Ueked  witli  sprigs  lu  thti  sides  uf  tl»  box,  oricr  Utu  ubuUt 
s  cirtridgM  an  Uul  uo  top  u(  tbe  ubuU. 
^MUlm  vo  psckvd  Id  Uie  same  nuuitior,  onUulJig  tlte  atripi 
I  WMixl  in  tlm  iHittDoa  at  Uiv  btit. 

Fo«   lii-rDB.  FiKLb  Axu  Ui»t-5TAix   IIownxKiM. — SitlU  and 

titZ-noM  HAvtfjUMl.—ViuMl  uprii^t,  Uie  b«Us  down,  rvtt' 

{  iiD  strips  of  wood,  ss  Tor  the  vtlior  bowiUvn. 

Canint^n  are  paclctn]  in  ibe  suim  mutncr,  KSting  uo  tbe  bot- 

ofthiibox. 

r  In  all  Um  boxes,  tb*  •mail  stores  md  ptaced  in  ifae  TMUit 

■  im  top  of  tk*  wnniBiutioa. 
j  Th«  AuM  ot  eaeh  color  w«  pot  up  in  a  bundle,  wrapped  is 
Nttcfprouf  paper  u(  ctim-spundttig  color,  aad  tnarknl  iritb  th« 
ne  at  buniiiiff.     All  the  fuuM  for  ■  box  arv  put  up  in  •>be  i>ar- 
't  wrapped  in  water-proof  jiapcx,  and  marked:  Ft-xu. 

r  of  tow  is  plsL-ol  Id  tlic  tMittiiin  of  earb  box,  and  ibe 

tnts  an  well  packt^  in  tow,  filling  tbc  Ik>x  so  as  to 

i  down  b;  tbo  t^rcr.     About  3  lbs.  of  tow  ant  rMjnind 

SisoK  ivp  Oabmso*  Amrriimiui. — ^Tlils  cuamUls  lit  th* 
I  of  powder  in  •  \i*g,  and  tbe  pnjectflo  alwajrs  sc'parata 
mi  tlie  «wtridg(t. 

7%4  Omtrid^Bagw  are  osnallv  nade  of  woolen  sloC  Tltcf 
■  made  (4  two  pieces,  in  tljc  fnrm  of  a  rcclnngle  with  a  a 


rrular  Bod,  wlucb  arv  iii»: 
■  as  doBcril^  for  muV 

Dfill.-l.  ).r. 
Paptr  Bay.     '  '- 
i  pS|H>T.     Tho  li    ' 
t  it  rut  inti.  ■: 

mitoi,  ti.. 

_W*d*.  sn.!  ■ 

I   wtitd)  jiti^l-lU  1k'^ 

I, 

.  Tbe  bags ut  apt  In  Un 
I,  llMMtt  nutdoof  wo<>' 
>  Bag!  AM  soneUtDM  riu 
nii^  Uw  ejUmlfwal  pat: 


1  wwed  loge- 
u>r  tlie  field 


-  luniLtl  lu  uu  llto  lop 

ill  tliv  inm,  for  whioh 

.ind  WMiItD  slHtr,  by 
s'jwitig  lo  it  a  )n<tMm 
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of  woolen  stnff  made  of  two  pieces  eemi-cireular  in  shape,  en 
BGwed  tofjether  around  the  i*(Jge. 

For  Cduniliada  and  Sta-coa^t  UoiciU^t,  the  cartridp!  shouli 
always  occupy  the  whole  length  of  the  chamher;  Tur  this  pat 
pose,  in  firing  with  reduced  cihargen,  a  rartrid^e-httieJ:  u  place 
in  tile  bag,  over  the  powder.  Tlio  leng+h  of  this  b1o«k  far  -nj 
charge  is  easily  deduced  from  the  length  ucenpicd  b_r  1  lb. 
powder,  as  given  in  the  table.  Appendix,  p.  83. 

JFor  Muriars,  cartridgc-bage  may  he  made  in  the  snnifl  mi 
ner  as  for  gone,  their  dimensious  corresponding  to  those  <rf  t 
chamber  of  the  mortar.     Bnt  as  the  charge  ia  generally 
loose  into  the  chamber,  tlie  bag  being  used  only  for  carryiujf  it 
the  mortar,  a  gnn  cartridge-bag  of  any  convenient  aize  may  be 
used  for  mortar  eervice. 

For  Firing  Hot  Shot,  cartridge-hags  are  made  donfalc,  by 
putting  one  bag  within  anottier,  care  being  taken  that  they  m 
free  fVom  holes. 

For  Ricochet  Firing,  or  whenever  very  small  ehargn  an 
required,  a  bag  for  a  smaller  caliber  may  be  used ;  or,  aSivr  tbl 
powder  is  poured  in,  another  bag  filled  vrith  hay  may  be  plaeatf 
on  top  of  it  and  pressed  with  the  hands  to  rcduco  the  di 
After  shaking  thifihagdown  and  rolling  and 
flattening  the  empty  parts  of  the  two  bugs, 
tie  them  with  woolen  yam  like  a  bundle  of 
cartridgee,  placing  the  knot  on  top. 

For  Proving  Ordnance,  cartridge-bags 
are  made  of  woolen  stuff  for  small  calibers, 
and  of  paper  for  large  once,  Tlicy  should  bo 
of  the  full  diameter  of  the  bore  or  cliamber. 

Strapped  Sum-ls. — ^Tiie  ahot  used  with 
heavy  guns  is  generally  withont  a  sahot,  bnt 
the  ahells  are  Btrapi>ed  to  sabots  made  of 
thick  plunk,  with  etrips  of  tin  aa  described 
for  strapping  shot  for  field  service,  except 
that  the  straps  are  not  set  in  cloec  to  the 
shell  abcivo  the  sabol.  aa  they  tiro  with  tho 
6e1d  ammunition.  Ttie  shells  arc  set  In  tho 
sabot,  and  the  straps  put  on  in  ench  a  way 
that  the  fuze~holfi  may  fall  in  one  of  tho 
angles  between  two  straps,  xU  axis  making  an  angle  of  4A' 
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it  of  the  wbot.    TIm  vtnj*  an  ficlcned  wltli  hIU  both  on  the 
I  uid  kiKocn  of  thti  Mbot.     Fi|^  SM>  Mid  SAI. 
In  lowlinir,  tb«  fue-bolo  i«  dway*  (iIwhnI  hi  the  uppf r  |hu1  of 
tbon. 

»  fioliitiiUid  and  8  uid  10  iiMib 
I  bowitm  tluAU  bring  very 
itteoBTmicnt  to  handle, 
•«f  ringa  or  kxipa  of  tin 
"  »  of  tba  rtnpa  to  re- 
I  of  ft  ptoe*  of  rope, 
'whirti  w  dad  to  thun,  and  aervea  at  a 
haodlo.  Fig.  SAl.  (For  diawpiiona 
of  aaUita,  kw  Appradix,  p.  88.) 

Caxirkim.— Catiittvn  for  th«  ikfo 
t  pin**  FifC.  95^,  an*  nukdu 
f  tomiag  oao  md  uf  thv  tin  cjrUnd«r 
f  Arer  the  Itpq  bottuot. 

Thej  an  filled  and  closed  with  tbo  Mirer  in 
I  ume  wajr  aa  fioU  eaniater*,  bnl  hare  no 
A  wire  h*ndlo  u  batcned  to  the  enrer 
Iwltbrlreta. 

The  ahot  b  made  iif  audi  a  tiae  that  It  wQt 
t  fit  in  the  ejrlliider  in  boda,  the  nntnlMfr  In 
bad  depoMling  opcai  the  caliber  of  the 

(For  dioMiuiooa,  aae  Appaadix,  p.  S9.) 

In  the  S-ltt.  aiego  and  a— aoaat  bowttien, 
a  eani<ata  an  altachwd  Va  mhotM  In  the  mam 
war  m»  the  teU-haw'itMmr  ranUlifa.  TIiv  Mliot  : 
fur  the  d«fa  howittcr  ha«  a  lifraupherir»I  biil- 
l»in,  and  that  for  the  MM4Kta«(  u  cuaicml,  to  rait 
the  eoojieetiag  awfaee  belwwn  the  bore  and 
dianber  bi  tbeae  fiiceaa. 

(For  diinawion  (if  ubota,  k<o  Appendix,  p.  8S.| 

TIhmv  rmnUttTB  Itavc  thick  Inm-wirv  haodin  nn  top,  Hhe  Um 
■•therm,  anil  nn-  rlttM^l  at  thi>  !<■(•  in  the  aame  waj.  All  laiitrfaii 
an  funned  of  fuur  tien  of  •boL 

(Fur their  dlnwBrioiM  and  veifht,  aae  Appendix,  p.  97.) 
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Tlie  great  advantage  in  having  fixed  ammunition,  is  the 
facility  and  certainty  in  loading ;  and  were  it  not  for  the  fact  that 
it  would  become  entirely  too  unwieldy  for  prompt  and  convenient 
handling,  it  would  be  well  to  have  all  field  ammunition  fixed. 
(See  Appendix,  p.  36.) 

Cylindeks  and  Caps. — ^For  the  greater  security  of  field  ammu- 
nition, the  cartridges  are  covered  with  paper  cylinders  and  caps. 
They  are  both  made  together  on  the  same  former,  which  is  a  piece 
of  board  with  slightly  inclined  sides,  and  rounded  edges.  Around 
this  former  the  paper  is  placed,  and  lapped  f  of  an  in.  for  pasting. 
The  requisite  length  for  the  cylinder  is  cut  from  the  smaller  end, 
the  rest  forming  the  cap,  which  is  choked  at  the  end  from  which 
the  cylinder  is  cut.  For  this  purpose  a  cylindrical  former  of 
wood,  with  an  hemispherical  end  is  used,  which  should  be  bored 
through  the  axis  to  facilitate  the  drawing  oflF  of  the  cap. 

Tlio  cylinder  fits  over  the  body  of  the  cartridge  and  a  part  of 
the  sabot,  while  the  cap  fits  over  the  end ;  and  when  drawn  offi 
which  is  always  done  when  the  cartridge  is  placed  in  the  pieces 
leaves  the  lower  end  of  the  cartridge  exposed,  so  that  the  priming 
wire  or  fire  from  the  friction-tube  can  reach  it  without  g^nng 
through  any  paper.  In  firing  shot,  the  cap  when  drawn  oflT  may 
be  placeii  over  the  shot,  to  diminish  windage.  (For  dimensions 
of  formers,  see  Appendix,  p.  32.) 

Packing. — Field  ammunition  is  packed  in  boxes  of  weD 
soi\soneii  stuff,  IJ  in.  thick  and  dove-tailed  at  the  comers.  The 
cover  is  fastened  with  screws^  and  a  rope  handle  attached  to  t 
bracket  is  fixeii  at  each  end.  The  boxes  are  painted  olive  color 
on  the  outside,  and  the  kind  of  ammunition  is  marked  on  both 
ends  in  large  white  letters.  The  place  and  date  of  fabrication  are 
markoii  on  the  inside  of  the  cv^ver. 

FoR  Guns, — Shot,  spherical-cas^  and  canister  fixed,  are  laid  in 
two  tiers  aerotjs  the  K>x,  the  prv^jcctiles  alternating  with  the  cart- 
rid^rcs  at  each  side.  The  projectiles  of  the  npj>er  tier  rest  on  tho^ 
of  the  lower,  and  not  on  the  cartridges. 

For  8:?«Fi>R.  anp  ^4-pdr.  IIowrrzEK?- — SA^IU  a7%J  SpAeruyJ- 
'A^<e  .S!v>^. — Placeil  uprisrht,  the  balk  down,  reding  on  strips  of 
woo^l  aKmt  i\:i5  iu.  thick,  placevl  lengthwise  of  Ae  b^^x  and  nailed 
to  the  Wttom,  so  as  to  prevent  the  fuze-phigs  fK>ai  bearing  on  the 
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lottoni  of  die  box.  Tlie  balla  are  held  down  hy  Bmall  etripB  of 
itood  tacked  with  uprigB  to  the  sides  of  the  box,  over  Ihe  eabota. 
lie  cHrtridgea  are  laid  on  top  of  the  aabots. 

CanUtfTS  are  packed  in  the  samo  manner,  omitting  the  etripB 
wood  in  t]ie  bottom  of  the  box. 

Fob   12-ruB.  Fikld  asu   Mountain    IIowrrzEHfl. — Sheila  and 
\i^hericalfa»e  Slu>t,Jixed. — Plaeed  upright,  the  balls  down,  rest- 
lag  on  etripa  of  wood,  as  for  tlie  other  howitzere. 

Cani^era  are  packed  in  the  same  manner,  resting  on  the  hot- 
1  of  the  box. 

In  all  the  boxee,  tlie  small  stores  are  placed  in  the  yaeant 
ipaces  ou  top  of  the  ammnnition. 

The  fuzes  of  each  color  are  put  up  in  a  bundle,  wrapped  io 

>iratcr-proof  paper  of  corresponding  color,  and  marked  with  the 

L*  of  burning.     All  tlie  fuzes  for  a  box  are  put  up  in  one  par- 

,  wrapped  in  water-proof  paper,  and  marked :  FizM. 

A  layer  of  tow  is  placed  in  the  bottom  of  each  box,  and  the 

avliulf)  contents  arc  well  packed  in  tow,  filling  the  box  bo  as  to 

p  prewc-d  down  \>y  the  cover.    About  3  lbs.  of  tow  arc  rcquirod 

A3Si>    Gakiusos    Auwrxmox. — ^Hiis    consiitta    of   the 
_  1  of  powder  in  a  bag,  and  the  projcctilo  always  separate 
urn  tli«  cartridge. 

The  Cartri<!^t'Baga  are  usnally  made  of  woolen  stuff.  They 
re  made  of  two  pieces,  in  the  form  of  a  rectangle  with  s  semi* 
circular  end,  which  are  marked  out  with  etampa  and  sewed  toge- 
ther as  dcacrilied  for  making  bhinlf -cartridge  bags  for  tlio  field 
MSrvicc,  and  are  filled,  preserved,  and  packed  in  Ihe  same  way, 
I'aptT  Bagg. — Bugs  for  heavy  ordnance  may  be  made  entirely 
r  pajKT.  Tlie  bottom  id  circular,  and  one  end  of  the  cylindrical 
cut  into  slips  about  one  inch  long,  which  are  pasted  over 
B  pa]>er  bottom  on  a  cylindrical  former.  When  a  paper  bag  is 
Sled,  the  open  end  is  folded  down  about  three- fourtlis  of  an  inch 
Fwide,  and  tliis  fold  ta  rolled  on  itself  down  to  the  powder,  and  the 
part  which  projects  beyond  ihc  cylinder  is  tuniod  in  ou  the  toj) 
ofiL 

The  bags  arc  apt  to  leave  paper  burning  in  the  gun,  for  which 
WD,  those  made  of  woolen  ^ liifl*  arc  preferable. 
Bags  are  sometimes  made  of  both  paper  and  woolen  staff,  by 
iiiog  the  cylindrical  part  of  paper,  and  sewing  to  it  a  bottom 
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of  woolen  stuff  made  of  two  pieces  semi-circiilar  in  shape,  and 
sewed  together  around  the  edge. 

For  Cdumhiads  and  Seorcoast  Hotmtzers^  the  cartridge  dioold 
always  occupy  the  whole  length  of  the  chamber ;  for  tihis  pur- 
pose, in  firing  with  reduced  charges,  a  cartridgeHodt  is  placed 
in  the  bag,  over  the  powder.  The  length  of  this  block  for  any 
charge  is  easily  deduced  from  the  length  occupied  bj  1  lb.  of 
powder,  as  given  in  the  table,  Appendix,  p.  33. 

Far  MartarSy  cartridge-bags  may  be  made  in  the  same  man- 
ner as  for  guns,  their  dimensions  corresponding  to  those  of  the 
chamber  of  the  mortar.  But  as  the  charge  is  generallT  poured 
loose  into  the  chamber,  the  bag  being  used  only  for  carrriiigit  to 
the  mortar,  a  gun  cartridge-bag  of  any  convenient  raze  may  be 
used  for  mortar  service. 

For  Firing  Hot  Shotj  cartridge-bags  are  made  double,  by 
putting  one  bag  within  another,  care  being  taken  that  ther  are 
free  from  holes. 

For  Bicochet  Firing^  or  whenever  very  small  chai^ges  are 
required,  a  bag  for  a  smaller  caliber  may  be  used ;  or«  after  the 
powder  is  poured  in,  another  bag  filled  with  hay  may  be  placed 
on  top  of  it  and  pressed  with  the  hands  to  reduce  the  diameter. 
After  shakiniT  this  bafirdown  and  rollini:  and 
flattening  the  empty  parts  of  the  two  bags, 
tie  them  with  woolen  vam  like  a  bundle  of 
cartridges,  placing  the  knot  on  top. 

For  Frocing  OrdnnH'^e.  cartridge-bags 
are  made  of  woolen  stuff  for  small  calibers^ 
and  of  paper  for  large  onesw  They  should  be 
of  the  full  diameter  of  the  K>re  or  chamber. 

SrRjLPPED  SHHi>. — ^The  shot  used  with 
heavv  sruns  is  £^^^erallv  without  a  sahot,  but 
the  shells  are  strapped  to  sabots  made  of 
thiok  plaink,  with  strips  of  tin  as  described 
f .  r  srrapi^Ln^  shot  for  field  serrivre,  ej^oert 
thit  the  srrap>  are  no:  set  ia  o!'.>?e  to  the 
s:u "  a^ove  the  saN.^t,  as  thev  a^re  w:th  :he 
£-'Ii  auimutiition.  The  shel!<  are  sec  in  the 
Sit^o:,  dnd  the  strata  v:;t  oct  in  sBcch  a  wav 
tiit  the  fua^^hole  ruay  iiul  ti  oce  oi*  the  r^s  »l 

-  Ht^j  be^iwwti  two  s;raj\!s  :^&  axi  *>'Atr^n^  ^^  a3;!de  of  4^^  with 
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Ibat  of  the  sabot.    The  straps  are  fastened  with  nails  both  on  the 
tdc  and  bottom  of  the  sabut.    Figs.  250  and  251. 

In  loading,  the  fuze-hole  is  always  placed  in  the  uppiT  jiart  of 
Sic  bore. 

The  colanibia«I  and  8  and  10  inch 
Acoast  howitzer  ehelU  being  very 
Knvy  and  inconvenient  to  handle, 
e  a  couple  of  rings  or  loops  of  tin 
nldered  to  one  of  the  strap  to  ro- 
FO  the  ends  of  a  piece  of  rope, 
vhich  is  tied  to  them,  and  servos  a«  a 
handle.  Fig.  251.  (For  dimensions 
r4lf  aubot«,  see  Appendix,  p.  33.) 

Ca^timtees. — Canistvre  for  the  siege 
mud  scaeuaat  guns,  Fig.  S58,  are  made 
hy  taming  one  end  of  the  tin  cj'linder 
Leer  the  iron  bottom. 

They  are  filled  and  closed  wJtJi  the  cover  in 
&e  same  way  as  field  cantstcris  hut  have  no 
labot.     A  wire  handle  is  fastened  to  Uie  cover 
[with  rivets. 

Tlie  shot  is  made  of  sueli  a  sixc  that  it  will 
ut  fit  in  the  cylinder  in  botls,  the  number  in 
kcli   bed  dujiending  ii[Hm  tliu  caliber  of  tlio 
Fleece. 

(For  dimenHions,  sue  Appendix,  p.  29.) 
lo  the  8-in.   »ic-gu  and  seaooaut  howitz««( 
,  the  caiii#tent  are  attached  to  »abots  in  tlie  tame 
ray  as  the  field-howitzor  canUters.     Tlie  f^abut  { 
|br  the  siege  howitzer  has  a  hemispherical  bot- 
tom, and  that  for  the  scacoast  is  conical,  to  suit 
e  connecting  snrfaco  between  the  bore  and 
ibambcr  in  these  pieces. 

(For  dimension  of  sabots,  see  Appendix,  p.  33.) 
Utese  canisters  have  tliicic  iron-wire  handles  on  top,  like  the 
ibers,  and  are  closed  at  the  top  in  the  same  way.     All  canisters 
0  formed  of  foor  ticra  of  shot. 
(For  their  dimeneioiu  and  weight,  see  Appendix,  p.  37.) 
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Gbape-Shot,  Fig.  253,  is  formed  by  placing  the  bottom  plat« 
(see  p.  160)  upon  a  table,  and  placing  in  the  indentations  three  shot 
of  the  proper  caliber,  and  on  top  of  these  one  of  the  rings,  then  three 
more  shot,  the  other  ring,  the  last  three  shot,  all  the  shot  breaking 
joints  with  each  other,  and  finally  the  top  plate,  which  being  coon- 
tersunk  like  the  bottom  one,  is  turned  round  till  the  top  tier  of 
shot  fit  in  their  places.  The  pin  having  been  inserted  from  below 
through  the  lower  plate  before  any  of  the  shot  were  put  in  posi- 
tion, the  top  of  it  projects  through  the  center  hole  in  the  top  plate, 
and  on  it  the  nut  is  screwed  tight,  so  as  to  make  the  whole  firm 
and  solid. 

The  pin  in  the  stands  of  grape  for  guns 
is  kept  from  turning,  whilst  the  nut  is 
being  screwed  on,  by  a  projection  on  the 
head  which  fits  into  a  slot  in  the  counter- 
sunk for  the  head  in  the  bottom  plate. 
In  the  stands  for  the  8-in.  siege  howitzer, 
the  only  one  provided  with  grape-shot, 
the  sabot  is  attached  by  the  pin  passing 
through  it  first.     The  pin  is  prevented 
from  turning  by  having  a  square  head, 
which  is  countersunk  in  the  sabot.     The 
sabot  may  bo  fastened  to  the  lower  plate 
with  screws,  when   a   pin  of    the   usual 
length  may  be  made  use  of,  or  the  sabot, 
which  is  the  same  size  as  the  one  used  for 
canister  in   this   piece,  may  bo  inserted 
separately. 

The  same  grape-shot  which  are  used 
with  the  8-in.  howitzers  are  also  used  witli 
the  columbiad  of  that  caliber,  by  adopting 
the  sabot  of  the  sea-coast  howitzer,  which 
serves  for  both  pieces.  The  grape  for 
these  8-in.  pieces  is  made  of  6-pd.  shot. 

The  nut  having  been  screwed  on,  the  ends  of  a  piece  of  rope 
are  run  through  the  holes  in  the  upper  plate,  and  tied  beneath  to 
serve  as  a  handle.  These  holes  are  directly  opposite  to  each 
other,  i  inch  in  diameter,  and  i  inch  from  the  edge  of  the 
plate. 


Fig.  2^8. 
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(Fur  the  size  of  grape-sliot  and  diiiiensioiiB  of  tlie  Blan<Jg,  sec 
&.ppendix,  pp.  29  iiud  30.) 

FiLUNo  i[oRTAic-SiiEi.i.B. — Tbcse  ahellfl  are  usually  filled  in 
the  battery,  and  as  tliey  are  required.  Having  Wen  inspected,  to 
SLf  tboj-  are  clean,  dry,  and  in  good  order,  place  thtm  on  a  hlock 
made  for  the  purpose,  or  on  ringB  of  rope,  or  in  indentations  in 
llio  floor  of  the  majzazine,  or  on  tlie  ground,  with  the  eyes  up. 
The  charge  measured  out  in  a  pon-der-measure  is  poured  in  through 
ft  funnel,  and  any  incendiary  composition,  such  as  pieces  of  port- 
rfire.  rock-fire,  &c.,  inserted. 

In  the  mean  time  the  fuzes  are  being  cut  to  tlie  proper  lengths 

Ijtj'  resting  them  in  a  groove  in  a  block,  or  inserting  them  in  holes 

ide  in  the  block,  or  in  a  post,  and  sawing  them  across  with  the 

|ftlx<^«aw.     Or  the  fuze  may  bo  bored  through  with  a  gimlet  at 

•he  projier  point. 

The  fuze  is  then  tried  in  the  eye,  and  should  enter  {  of  its 
If  it  does  not,  it  may  be  reduced  by  ra«ping.  The  head 
itit  covered  with  tow  to  prevent  the  breaking  of  the  eonipoei- 
i,  tiie  fbze-«ctlcr  placed  on,  and  the  fuze  driven  in  until  the 
]  projects  from  0,2  to  0,4  in,  ahove  tlie  surface  of  the  shell. 
I  (For  tluj  charges  of  those  shells,  see  Appendix,  p.  30.) 

SnKUJ  n>B  CoLi-MBiAK  AKD  Hkaty  Gcnb,  are  loaded  In  the 
Lnme  way  as  niortar-shclle,  but  as  paper  fuzes  inserted  in  voodcu 
r  bronze  fnze-jilugs  are  used  instead  uf  wooden  flute*,  the  plug 
R«nly  "  driven  into  its  place,  and  stopped  witJi  tow  after  the 
^Imrsting  charge  has  been  pmred  through  it  into  the  sliell.  Tlie 
T  metal  fuze-plug,  with  its  safety  cap,  is  described  at  p.  298.  (For 
lehargea,  see  Ap[>endix,  p.  86.) 

ITaob. — For  jiroving  cannon,  wads  are  made  of  junk,  which 

l| picked,  and  then  beaten  in  mouldx  until  tlic  compact  uau 

■  the  rotjuidite  dimensions.    Tlie  moulds  for  each  caliber  * 

t  of  two  cast-iron  cylinders  of  different  diameters  set  in 

ik,  or  of  two  strong  picet-s  of  uak  strapped  witli  iron  and  joined 

f  a  hinge. 

Tlw  junk  is  first  |)lftc(.-d  in  the  smaller  nf  the  two  moulds,  and 
I  beaten  into  a  cumpai.'t  mass  by  uiting  a  cylindrical  drift  nearly 
e  size  of  tlie  mould,  and  a  maul  or  hammer.     Tiie  upper  part  of 
K  mould  is  then  raiaod,  the  wad  taken  out,  and  closely  wrapped 
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same  size  as  the  fuze,  and  n  quantity  of  eoniposition  sufficicut  to 
make,  when  driven,  a  cohimn  eqnal  in  height  to  one  diaiiit:ter  of 
the  fnze-coitimn,  put  in  ;  copper  ladles  of  the  proper  capacity  he- 
ing  nsed.  A  steel  drift,  shod  with  copper,  is  placed  on  this,  and 
twenty -one  hlows,  in  volleys  of  tlirce,  are  given  with  a  wooden 
mallet  weighing  ime  lb.,  the  drift  being  raised  after  eacli  volley. 
Tliis  16  rejwated  nntil  the  fuze  is  filled  up  to  a  certain  point  deter- 
mined by  a  mark  on  the  drift.  Care  mnat  he  taken  that  the 
charges  are  all  equal,  for  wbii-h  purpose  a  drift  is  passed  over  the 
top  of  the  ladle  to  take  ofT  the  surplus,  and  the  blows  should 
always  he  the  same  in  number,  and  delivered  with  as  near  tlie 
Banie  force  as  pOAeihIe. 

Tile  pan  containing  the  composition  should  not  he  placed  on 
be  ilriving-block.  aa  the  sulphur  would  separate  from  the  rc»t  of 
Ibe  composition,  and  collect  together. 

When  llio  composition  haa  reached  to  witJiin  about  0.2  in  of 
e  hottom  of  the  cnp,  a  charge  of  mealed  powder  is  placed  in, 
d  driven  in  the  same  way  as  a  ladleful  of  compoeitioo.  The 
Mp  is  filled  with  mealetl  powder  moistened  with  spirits  of  wine 
■  strong  whisky  ;  when  dry,  it  ie  covered  with  a  email  piece  of 
Mpcr,  over  which  is  pasted  a  cap  of  strong,  water-proof  paper, 
irkcd  with  the  nnnibcr  of  seconds  the  fuze  bums  to  the  indi. 
tr  preservation  and  transportation,  the  fnzo  is  cnppt^  with 
PBter-proof  paper,  linen,  or  sorpc,  tied  on  and  lackered.  Fuzes 
■  are  packwi  with  tow,  in  boxes  lined  with  water-pwiof  pAi>er. 

Fuzes  may  ha  driven  with  hlind-Jire  composition,  which  will 
not  discover  the  flight  of  a  shell  in  the  night. 

One  Indloful  of  the  common  fiuo  composition,  or  of  mealed 
lOwdvr,  muBt  be  driven  in  the  top  of  these  fu2C«. 
Two  kinds  of  compositions  arc  nscd  : 

1.  (I  parl«  of  mealed  powder  and  4  of  sifted  wooit-ashes ;  and 

2.  I«     "  "  "  Si         "  " 
For  the  onlinary  composition,  sco  Appendix,  p.  37.) 

TuTKM  f  VIM  for  Fuld  Service.  Jf'ti-fny  ths  Paper  Cava. — 
13  case  is  made  of  a  strip  of  smooth  paper,  rolled  haixl,  on  a 
ndril  0.3!)  inch  diameter,  and  glued,  after  the  first  turn,  with 
s  glue.  The  atrip  of  paper  ia  in  the  form  of  a  rectangle 
ined  lo  R  trapezoid  ;  it  is  rolled  from  the  largo  did. 
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Whole  length  of  the  paper,    .        .        .18.      inches. 
Length  of  the  rectangular  part,         .        .     9. 
Width  of  the  rectangular  part,      .        .         1.5 
Width  at  small  end,  .        .        .        .0.4 

Diameter  of  finished  case  (  At  top,       .        0.52 
before  being  cut,  (  At  bottom,     .     0.44 

Log  Paper  (so  called),  or  thin  drawing  paper,  is  suitable  for 
making  these  cases.  The  dimensions  of  the  strip  of  paper  must 
be  regulated  by  trial  with  the  kind  of  paper  used. 

After  the  case  is  dry,  it  is  smoothed  by  rubbing  it  with  a  fine 
file,  and  with  sand-paper. 

Tlie  material  for  filling  these  fuzes  must  be  thoroughly  inco^ 
porated,  by  being  ground  together  with  a  muller.  Trial  fuzes 
should  be  made  as  before,  and  the  rate  at  which  the  composition 
burns  be  determined.  One  pound  of  composition  makes  100 
fuzes. 

Chaboing  the  Fuze. — A  number  of  the  cases  are  set  upright 
in  brass  dies  made  in  two  halves,  kept  in  place  by  pins  and  a 
wedge  which  fits  in  between  one  of  the  halves  and  a  flange  con- 
nected with  the  other.  Or  the  two  parts  may  be  held  togethtf 
by  a  strong  ring  or  socket  inserted  in  a  block  of  wood.  The  com- 
position is  then  driven  as  has  already  been  described  for  wooden 
fuzes,  the  mallet  used  weighing  but  ^  a  lb.,  and  tjie  number  of 
blows  to  each  ladleful  of  composition  being  15.  Each  ladleful 
makes  a  length  of  J  of  an  inch  in  the  fuze. 

The  fuze  is  then  placed  in  an  iron  guage,  the  bore  of  which 
has  the  same  taper  as  the  fuze,  and  cut  off  at  both  ends  with  a 
saw  or  sharp  knife.  It  is  then  stained  the  proper  color,  according 
to  its  rate  of  burning.  It  has  been  before  suggested  that  a  better 
way  to  designate  this  would  be  by  strips  running  along  the  length 
of  the  fuze. 

For  the  compositions,  see  Appendix,  p.  37.) 

Fuzes  far  Ilea/oy  Ouns^  CoIumhiadSj  and  Howitzers^  are  made 
in  a  similar  manner,  and  differ  from  the  preceding  only  in  their 
dimensions  and  rate  of  burning. 

(For  dimensions  and  compositions,  see  Appendix,  p.  38.) 

Tlie  time  of  burning  of  these  slow  compositions  is  subject  to  con- 
siderable variations,  according  to  the  quality  of  the  materials  and 
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B  manner  in  whicli  they  are  mixed.  In  making  tlie  fnzes,  there- 
!,  eapeciftl  care  ahould  be  taken  to  trj'  the  composition  need, 
and  vary  the  proportions  to  produce  the  required  result.  The 
compoeitiuQs  in  the  Appendix  are  given  as  approximate  guidee 
only. 

Tlie  method  of  making  fnzcH  of  other  kinds  has  been  given  in 
Chap.  IX. 

Phimikg  Cannon, — Tlio  means  first  ase<l  to  communicate  fire  to 
lie  charge  in  t!io  gun,  were  of  oonrse  of  the  meet  primitive  kind. 
;  powder  filling  the  vent,  and  the  application  of  a  coal  of  fire, 
n  probably  the  tirst  eraph->yed. 
For  priming,  the  loose  powder  gave  way  to  a  strand  of  quick- 
tfttch,  and  tnbea  of  different  substances  filled  with  mealed 
lowder,  first  moistened  with  alcohol  or  spirits  of  some  kind,  and 
tcrwards  driinl;  while  the  coal  of  tire  was  superseded  by  the 
latch,  and  afterwards  by  the  lighted  portfire.  Finally  the 
^ction-tube  took  the  place  of  both,  simplifying  and  rendering 
kucli  more  certain  the  firing  of  the  piece. 

QitR-K-MATcn  is  even  now  used  to  fire  some  kinds  of  ordnance, 
tch  M  »tone  and  heavy  mortar*,  and  sometimes  in  proving  pieces. 
t  is,  however,  extensively  used  in  priming  all  kinds  of  fire- works, 
tch  aa  fire  and  light  balls,  carcassc^i,  rockets,  priming-tuhes,  Ac. 
icloaed  in  tubes,  it  bums  much  faster  than  in  the  open  air,  and 
lOre  so  in  pro|>ortion  as  the  tubes  are  smaller.  It  is  so  used  in 
iDveying  fire  vwry  rapidly  from  one  port^ion  of  a  piece  of  fire- 
^rk  to  another,  the  pa]ier  tubes  in  whicli  it  is  inclo«cd  being 

It  is  made  of  cotton  yam,  snch  ns  is  used  for  candle-wick,  of 
mcb  a  size  that  when  doubled  and  twisted  in  the  fingers.it  may 
e  0.07  in.  in  diameter.  Tliis  is  wonnd  in  a  loose  ball,  of  a  conve- 
rt Bizo,  say  weighing  1  lb.,  which  will  contain  lOtK)  yards,  and 
wped  io  gummed  brandy  or  whisky  until  thortjughly  soaked. 
A  paste  is  mode  of  mealed  powder  and  gnnimed  sjiirita,  of 
MUt  tlic  eonristenry  of  flour  pa«ie,  and  the  bottom  of  a  wooden 
lowl  or  eopjier  pan  covered  with  a  layer  of  it  i  in,  thick.  f)n 
%M  is  spread  a  coil  of  the  yarn, by  unrolling  the  ball,  and  distrib- 
ting  it  c<iually  over  the  surface  of  the  paste,  until  there  are  five 
f  six  strands  over  one  another.  Over  this  is  placed  another  layer 
r  paste,  and  then  one  of  yam;  and  so  until  the  veiMel  is  tail. 
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Care  siiist  be  Uken  not  to  exitiLOgie  tne  Tmni ;  and  Oie 
covered  with  a  bed  of  the  p^ete  a  little  thicks'  thaa 

After  the  jam  hae  been  ioaking  3  or  4  hf>crs  in  tfae  pMtf,tt 
is  wocnd  off  4o  a  reeL  making  it  pasi  thr»xi^  a  fuMo^  5Bai  vidk 
the  pa^te«  or  through  the  hand  with  some  ^«ste  in  it.  takia^  cue 
that  the  different  tama  do  not  touch  eadi  otho*.  Be£»c  h  ii  dir 
it  is  dredged  with  meal-powder,  aQowei  to  dry  slowir. 
the  reel  in  convenient  lengths,  and  put  up  in  bondleaL 

The  gunnned  spirit  is  made  bj  fir^  diseolTin^  the 
smallest  posoble  quantity  of  hot  water  or  vinegar,  and 
mixing  it  with  the  epirite. 

Match  so  prepared  should  be  hard  and  stiffl  and  the  eamfOBr 
tion  should  hold  firmly  on ;  1  yard  bums  in  the  open  air  13 
seconds.  The  pound  of  yam  used  requires  S  Ihs.  of  mealed  p«v- 
der,  li  galls,  of  spirits,  and  2^  oz.  of  gum  arabic ;  the  maltk 
weighing  when  dried  9  lbs. 

By  using  vituyar,  a  match  is  made  which  bums  lees  rapidh 
in  the  proportion  of  4  to  5.  and  with  pure  water  in  the  ratio  of  4 
to  6.  Alcohol  makes  a  quicker  match,  but  it 
cannot  be  gummed,  and  the  composition  falls  off. 

A  slow  kind  of  match  is  made  by  adding 
sulphur  to  the  paste :  with  |  of  sulphur,  1  yard 
of  the  match  bums  22  seconds :  with  },  33  sec- 
onds: with  I,  53  seconds,  and  with  ^,  162 
seconds. 

Wlien  used  for  discharging  cannon,  quick 
match  is  set  fire  to  by  a  slow  match,  portfire, 
or  any  other  convenient  material,  the  first  being 
most  frequently  employed.  When  used  to 
prime  shells,  carcasses,  &c.,  it  is  set  on  fire  by 
the  flame  from  the  piece. 

QriLL  PRnaxG-TuBEs,  Fig.  254,  are  made 
from  quills  by  cutting  off  the  barrel  at  both 
ends,  and  splitting  down  the  large  end  for  about 
half  an  inch  into  7  or  any  other  odd  number  of 
parts ;  These  are  bent  outwards,  perpendicular 
to  the  body  of  the  quiU,  and  form  the  cup  of 
the  tube.  Fine  woolen  yam  is  then  woven 
into  these  slits,  like  basket  work,  the  end  being  ^'  ^^ 
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bronglit  down  aiiJ  titid  on  llie  etoin ;  or  a  perforated  disk  of  jiaper 
is  pasted  on  them. 

These  tubes  are  filled  bj  injecting  into  Utetn,  with  a  tube-injec- 
tor, a  liquid  pafite  made  of  mealed  powder  and  epirita  of  wine ; 
bnt  a  butter  uietliod  is,  not  to  inako  the  paste  so  thin,  and  then 
prcM  it  iu  with  the  thumb.  A  straTid  of  quielc-match,  S  indie« 
long,  is  now  Iai<l  acro^  the  eiip  and  pasted  in  there  with  the 
|>owder  paate.  A  small  wii'e  ia  tlien  run  through  the  tube,  and 
remains  there  until  the  paste  is  dry,  and  then  withdrawn.  This 
kn  aperture,  fumi&hing  a  quick  communication  for  the 
fire  along  the  tube. 

A  paper  cup  is  placed  over  the  cap,  and  twisted  tightly  around 
tbt  tube  undei'  the  cup. 

Another  way  to  fill  these  tnbes  is  to  stop  the  small  end  with 
,Iing-wax,  filling  tlie  barrel  with  riile-powdor,  and  then  fiuish- 
iltg  the  enp  with  paste  and  quick-match  as  before. 

These  tubes  are  preferable  to  metal  tabes  on  ship-board  or 
in  casemates  or  block-houBes,  as  the  fragmuitB  blown  out  of  tlie 
vent  are  not  injnrious,  as  i«  the  case  with  the  sharp,  angular  frag- 
ments of  the  metal  tube,  especially  on  board  ahip,  where  the  men 
often  go  without  their  shoes. 

When  the  tubca  arc  dry,  Uioy  are  wrapped  In  paper  in  bun- 
dles of  10,  aud  tJL-d  lip. 


Metal  TiutJt  are  made  of  a 
latinivny,  iu  tlie  proi>ortiou  of 

60  lbs.  of  tin, 
60       "     lead, 
IJ     "     RDtimonr. 


alloy  of  Banca  tin,  load,  and 


For  6,000  tubes. 


The  metal  is  melted  iu  an  iron  pan,  and  the  tubes  arc  cast  in 

nnlda  which  are  kept  at  tlio  same  time  at  suffioiently  hij^h  a 

in|>eratore  to  scorch  dry  shavings.     They  should  never  bo  cooled 

f  wetting. 

Tlie  moulds  have  each  a  spindle  to  form  tlie  interior  of  the 

tnhtw,  aud  are,   during  the  easting,  smoked  occasionally  with 

rutin  or  pine-knots,  to  prevent  the  tubca  from  sticking. 

lite  tubes  are  drawn  from  the  moulds  by  means  of  a  lever 
fixed  into  tbo  wurk-lKiieh.  If  the  spindle  ever  conies  out,  learing 
the  tube  in  tUo  mould,  a  small  screw  is  inserted  into  the  tube,  and 
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1)eing  gicntly  tapped  witli  a  liauiuier  looeeng  the  tube  and  vHfa- 
draws  it. 

Another  and  better  method  of  fonning  thefie  tQh««  i«  tomt 
the  metal  into  Einall  diefce,  which  arc  formed  into  tubes  by  bun; 
pressed  throngli  dies,  which  form  the  cnp  nt  tlw  same  rime  with 
the  stem  of  the  tube.  Hiie  is  the  method  alwnvB  sOojitcd,  wbeo 
these  tubes  are  made  ;  though,  in  consequenec  of  tliv  iiitrodnctioii 
of  tJie  friction-primer,  the  nse  of  firing-tubea  for  our  iwrricij  a 
abandoned. 

In  the  naval  service,  however,  they  still  nse  perenaaion  primen 
made  of  qnills,  prepared,  as  has  been  dcecribetl,  by  parting  f*fa 
over  the  slit^,  on  the  top  of  which  i«  placed  a  bed  of  percOMtNi- 
powder,  and  cororcd  with  a  coating  of  varnish,  the  pioL*e  haag 
fired  with  a  lock.  This  tube  is  found  to  work  very  well  ;  mi 
the  quill  being  burnt  to  a  criep  when  the  piece  i«  flrt-d,  tliCR  k 
no  danger  of  injury  to  the  men. 

These  tubes  are  filled,  primed,  capped,  and  {mrkcd  bi  Ik* 
same  way  as  quill-tubes. 

1,000  of  them  renuite  I   2i  «>«■  "f  njMW  powfc 

I  2  qtB.  of  whiisky,  or  sptnls  of  vin*^ 

Slow-Match  is  used  prineiiially  for  the  puqioM  of  retaining 
fire  in  the  shape  of  a  hard  pointed  coal,  to  be  neetl  in  firiojc  tml- 
nance,  fireworks,  &c.  It  whs  formerly  used  in  ficM-bnttcric*  for 
lighting  the  portfires  with  which  the  pieces  were  dischar^gvd  ;  bM 
both  are  now  entirely  anperseiied  hy  tlie  friction  •tube. 

It  is  made  of  hemp,  flax,  or  cotton  rope,  abont  0,6  in.  dtan^ 
ter,  made  with  three  stmnda,  slightly  twisted.  Cotton  rupo,  WiA 
twisted,  forme  a  good  niatch  witboat  any  preparation. 

To  prepare  hemp  or  flax  rope, — boil  it  ten  minutea  in  water 
holding  in  solntion  1-20tU  of  its  weight  of  engar  of  lca<),  or  tvt  it 
remain  in  thti  cold  solution  until  it  i*  thoronghly  satnrated  ;  nn 
it  through  the  hands,  to  take  the  water  from  it ;  twist  it  bard  by 
attaching  one  end  to  tlie  hook  of  a  twisting- winch,  and  [latiinx  • 
stick  in  a  loop  at  a  conveuieiit  distance  for  twisting ;  anKMtli  it 
by  rubbing  it  smartly  witli  coar»c  nial«,  liairelolh.  or  cnttiac*  «f 
bniT-leather,  commencing  at  tJie  winch  and  nibbing  alwayc  in  Um 
aamo  direction,  until  the  diameter  of  the  ro]>e  ia  rednc«<]  0.1  in_ 
and  until  the  tendon  and  hardness  are  eren ;  stretch  it  on  pola 
or  on  a  fence  to  dry,  and  put  it  up  in  neat  coils  of  35  yard* 
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Matcli  M  prepared  bam»  4  inches* to  the  hour.  PUin  cotton 
matrli  humii  4}  inches  to  tho  hour. 

In  the  abm^ncc  of  angar  of  lead,  the  rope  may  be  dimply 
IcachiHl.  For  this  purpose,  it  is  put  into  a  leach-tub,  and  Htee{H.*d 
in  pun*  watiT  for  12  hours,  when  the  water  is  drawn  c»fr.  I^'y 
pnrparctl  in  a  boiler  with  a  quantity  of  ashes  equal  to  half  the 
wri^Oit  of  the  rope,  with  5  per  cent  of  quick-lime  added,  is  tlicn 
]H»urc<l  warm  into  the  hopper.  After  it  has  run  through  the 
a^Iu*]*,  and  rcniaincil  sometime  on  the  n»{>e,  it  is  drawn  off,  heatc<l 
apiin  and  jMiurcd  back  into  the  hopfier.  Tliis  operation  is  re- 
prati*«l  S4»vt*ral  times  in  the  courM^of  24  hours,  at  tlie  end  of  which 
till*  ro{ie  will  Ik*  well  leached.  It  is  then  taken  out,  twiste<l  with 
»tiokM,  and  steeped  for  5  minutes  in  hot  water,  stirring  it  at  the 
mmr  time,  and  finisliing  the  match  as  l»efore.  Tliis  match  bums 
5  inrlit^  t«>  the  hour. 

Hud  inat4*h  or  old  rope  treated  witli  sugar  of  lead,  makes  very 
goixl  match. 

Sliiw-matrh  is  packed  in  tight  casks  or  boxes,  which  should 
be  iiiarke^l  with  the  kind  and  quantity,  ]»lace  and  date  of  fabri- 
cntioii.  In  burning,  it  forms  a  hanl  pointed  coal,  which  readily 
coniniuni<*atiii  fire  to  anv  inflammable  material  with  which  it  is 
bn»ught  in  contact. 

r«»irmRM,  which  were  forroeriv  used  to  communicate  fire  to 
thi*  priming  tuln-a  or  priming  of  guns,  arc  now  entirely  abandonc^l 
f«*r  tliat  puqNMC,  or  m  ummI  only  in  sftecial  cases,  as  in  proving 
guii»  ;  and  an*  um.'«1  princifially  as  an  incendiary  material  in  load- 
ing AliirlU,  iVc. 

A  iM»rtfin*  C4»niiistii  of  a  small  i>aper  case,  fillc^l  with  a  highly 
intlanimablf,  but  slow-burning  ciimfiosition,  the  flame  of  whirh 
ift  %cry  intvnnc  and  {Kmetrating,  and  cannot  be  extinguished  with 

Wl4t«T. 

11m*  c%m*  in  made  on  a  polislied  steel  former,  S8  inches  b»ng, 
and  )  inrh  in  diameter.  The  pa|M*r  lieing  cut  to  pro|^;r  dinii  ii- 
»i<»ti^  in  Utd  u|M>n  a  table,  the  end  f«»lded  orcfr,  six  inches  paralb-l 
ti»  thf  t*<lgf\  and  pasted.  Tlie  former  is  nf>w  laid  on  the  pa|»er  an 
inrh  fr<>m  thr  double  eilge,  and  ndled  up  smoothly  in  it,  making 
two  n'v«»]uti<»ns  aHor  the  pasted  e«lge  is  passnl.  A  thin  cnat  of 
pasti*  i^  now  »pn*a«l  all  over  the  remaining  portion  of  the  sheet, 
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being  gently  tapped  with  a  hammer  loosens  the  tnbe  and  vitfa- 
draws  it. 

Another  and  better  method  of  forming  these  tnbes  is  to  cut 
the  metal  into  small  disks,  which  are  formed  into  tnbee  bj  being 
pressed  through  dies,  which  form  the  cup  at  the  same  time  with 
the  stem  of  the  tube.  This  is  the  method  always  adopted,  when 
these  tnbes  are  made ;  thongh,  in  consequence  of  the  introdiiGtioa 
of  the  friction-primer,  the  use  of  firing-tnbes  for  onr  service  is 
abandoned. 

In  the  naval  service,  however,  they  still  use  percussion  primen 
made  of  quills,  prepared,  as  has  been  described,  by  pasting  paper 
over  the  slits,  on  the  top  of  which  is  placed  a  bed  of  percosacHh 
powder,  and  covered  with  a  coating  of  varnish,  the  piece  being 
tired  with  a  lock.  This  tube  is  found  to  work  verv  well :  and 
the  quill  being  burnt  to  a  crisp  when  the  piece  is  fired,  there  18 
no  danger  of  injury  to  the  men. 

These  tubes  are  filled,  primed,  capped,  and  packed  in  the 
same  war  as  quill-tubes. 

l/KK)  of  them  require  {  H  lbs.  of  mealed  powder. 

(  2  qts.  of  whisky,  or  spirits  of  wine. 
Slow-Match  is  used  principally  for  the  pnqK)se  of  retaining 
fire  in  the  shape  of  a  hard  pointed  coal,  to  be  used  in  firing  ord- 
nance, fireworks,  &c.  It  was  formerly  used  in  field-batteries  for 
liglitinsr  the  portfires  with  which  the  pieces  were  discharged  ;  but 
both  are  now  entirely  superscJed  by  the  friction-tube. 

It  is  made  of  hemp,  flax,  or  cotton  rope,  about  0.6  in.  diame- 
ter, made  with  three  strands,  slightly  twisted.  Cotton  rope,  well 
twisted,  forms  a  good  match  without  any  preparation. 

To  prepare  hemp  or  flax  rope, — boil  it  ten  minutes  in  water 
holding  in  solution  l-20th  of  its  weight  of  sugar  of  lead,  or  let  it 
remain  in  the  cold  solution  until  it  is  thoroughly  saturated  ;  run 
it  through  the  hands,  to  take  the  water  from  it ;  twist  it  hard  bv 
attaching  one  end  to  the  hook  of  a  twisting-winch,  and  putting  a 
stick  in  a  loop  at  a  convenient  distance  for  twisting ;  smooth  it 
by  rubbing  it  smartly  with  coarse  mats,  hair-cloth,  or  cuttings  of 
buff'-leather,  commencing  at  the  winch  and  rubbing  always  in  the 
same  direction,  until  the  diameter  of  the  rope  is  reduced  0.1  in., 
and  until  the  tension  and  hardness  are  even ;  stretch  it  on  poles 
or  on  a  fence  to  dry,  and  put  it  up  in  neat  coils  of  25  yards  each. 
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Match  so  prepared  bums  4  inches"  to  the  honr.  Plain  cotton 
mntdi  burns  4^  inches  to  the  hoar. 

In  tho  absence  of  sugar  of  lead,  the  rope  may  be  umply 
leached.  For  tliis  purpose,  it  is  put  into  a  leach-tnb,  and  steeped 
in  pure  water  for  12  honre,  when  tbo  water  is  dmwD  off.  Ley 
jTcpared  in  a  bcilor  with  a  quantity  of  ashes  equal  to  half  tlie 
weight  of  the  rope,  with  5  per  cent,  of  qnick-Uine  added,  is  then 
poured  warm  into  the  hopper,  Aftvr  it  hna  run  through  the 
•sbce,  and  retuained  sometime  on  the  rope,  it  is  drawn  off,  heated 
again  and  poured  back  into  the  hopper.  This  operation  is  re- 
peated several  times  in  the  coarse  of  ^4  hours,  at  tho  end  of  which 
the  rojio  will  bo  well  leached.  It  is  then  taken  out,  twisted  witli 
sticks,  and  steeped  for  5  minutes  in  hot  water,  stirring  it  at  tlio 
same  time,  and  flnisliing  the  match  as  before.  Thi«  mutch  bonu 
5  ineiit.>H  to  tlie  hour. 

Bad  mat<Oi  or  old  rope  treated  with  sugar  of  lead,  makes  very 
good  match. 

Slow-match  is  packed  iu  tight  cafiks  or  boxc«,  which  should 
be  marked  with  the  kind  and  quantity,  place  and  date  of  fabri- 
cation. In  burning,  it  forme  a  hard  pointed  coal,  which  readily 
commnnieatcs  Kru  to  any  inflammable  material  with  which  it  ts 
brought  In  contact. 

PonriBEO,  which  were  formerly  used  to  commnnicato  fire  to 
B  priming  tubes  or  priming  of  guns,  are  now  entirely  abandoned 
r  that  purpose,  or  so  used  only  in  special  casta,  as  in  proving 
;  and  are  used  principally  as  an  incendiary  material  iu  loud- 

[  shells,  4*Ke. 

A  portfire  consists  of  a  small  paper  case,  filled  with  a  highly 
inflammable,  but  slow-burning  composition,  tho  flame  of  which 
is  T«ry  inteiiM  and  penetrating,  and  cannot  be  cxtlngiiislied  with 
water. 

The  rase  is  made  on  a  polished  steel  former,  S3  inches  long, 
and  ^  inch  in  diameter,  llie  pajicr  being  cut  to  proper  dimen- 
■ions  is  laid  upon  a  table,  the  end  fulded  over,  six  inches  parallel 
t4i  tliu  edge,  and  pasted.  The  former  is  now  laid  on  the  papvr  an 
inch  from  the  double  cdgo,  and  rolled  up  smoothly  in  i^  making 
two  rcTolntions  aAvr  tho  pii»tc<l  edgo  is  paMe<).  A  thin  coat  of 
pMte  it  now  spread  all  over  the  remaining  portion  of  the  s1ieet> 
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except  an  incli  in  width  round  the  edge,  and  the  sheet  rolled  on 
the  former. 

The  roUinff^board  is  made  of  a  emooth  piece  of  plank,  haying 
a  strap  tacked  over  the  upper  side  near  the  end  under  which  the 
hand  is  placed  in  using  it.  The  case  is  laid  upon  the  table  and 
rolled  with  this  board  until  quite  firm  and  compact,  the  edge  of 
the  paper  being  prevented  from  rising  and  unrolling  at  first,  by 
seizing  it  with  the  left  hand  every  time  the  rolling  board  if 
raised.  When  the  paper  becomes  hard  the  edge  is  pasted  down, 
rolled  smooth,  the  formed  withdrawn,  and  the  case  put  a«d& 
Length  of  case,  18  inches. 

FoBTFiBE  CoMPosrnoN  is  made  of  niter,  sulphur,  and  mealed- 
powder  in  various  proportions,  antimony  or  steel  filings  being 
sometimes  added.  The  following  makes  portfires  which  will  bum 
ten  minutes. 

Nitre,  .  .  .65  parts. 

Salphur,     .....  22.6 

Mealed-powder,  .  .  .12.6 

For  others,  soc  Appeodix,  p.  SB. 

The  ingredients  must  be  intimately  mixed,  by  grinding  with 
a  muUer  on  a  mealing-table,  rubbing  them  through  the  hands,  and 
passing  them  through  a  sieve,  regrinding  the  coarse  parts. 

Drivino  Pobtfires.  Portfires  are  driven  in  a  mould,  Fig. 
255,  made  of  brass,  and  in  two  parts,  held  together  by  a  socket  at 
the  foot,  and  four  strong  bands.  The  bore  in  the  mould  is  the 
same  lengtli,  (18  in.,)  and  the  diameter  (0.65  in.,)  as  the  case.  It 
having  been  put  together,  the  case  is  put  in  position,  and  the 
bands  driven  firmly  down. 

Three  drifts  made  of  steel,  tipped  with  brass  at  the  lower  end, 
are  used  for  driving  portfires.  They  are  22  in.,  15  in.,  and  10  in. 
long,  and  in  diameter  0.4  of  an  inch,  or  0.1  less  than  the  intericnr 
diameter  of  the  case.  Four  small  spiral  grooves  are  cut  on  the 
surfaces  of  the  drifts,  to  allow  the  composition  to  pass  down.  A 
hard  wooden  mallet,  weighing  one  pound,  is  used  for  driving. 

A  small  funnel  is  inserted  in  the  top  of  the  case,  and  the 
long  drift  passed  through  it  to  the  bottom  of  the  case.  The 
funnel  is  then  filled  with  the  composition,  and  the  driving  com- 
menced. Three  blows  are  struck  per  second,  raising  the  drift 
about  half  an  inch  with  the  left  hand  between  the  blows.    The 
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eomixMition  follows  down  llic  groovee.  Ib 
driven  compactly  and  with  eulHctcnt  uui- 
formit/.  The  Bhorter  driftfl  are  used  u 
Uie  case  is  filled  tip. 

PurtJires  ehould  not  lie  primed  with 
mealed  powder.  Before  the  driving  is 
ciituinenced  a  piece  of  paper  is  inserted 
in  the  vase,  and  driven  like  a  phig  at  the 
bottom  with  the  long  drift ;  and  when  the 
case  ia  fall  the  top  of  it  is  Turned  in  and 
beaten  down,  thus  socnring  both  ends. 

PortGrea  art;  packed  in  strong  boxes, 
dore-tailed  at  the  vomcre,  lined  with 
water-proof  paper,  pauitcd  olive  color, 
and  marked  on  one  end  with  the  con- 
tents, and  the  jear  of  fabrication. 

Portfires  cut  up  into  small  pieces,  and 
placed  in  a  siiell,  form  a  very  good  incen- 
diary material. 

FanmoN  Tl-be8.  now  almoHt  exclusively  nsed  for 
firing  gun»  uf  all  kinds,  are  manufactured  by  machin- 
ery at  the  Frank  ford  Arsenal,  Pa. 

Sheet  braw,  about  ^'f  of  an  inch  thick,  is  cut  into 
strips  J  of  an  inch  wide,  and  run  through  a  punch- 
ing machine,  which  cuts  out  disks  of  the  sizo 
shown  in  Fig.  256.  Tlicee  are  carried  by  a  slider  under 
another  punch  in  the  eamo  machine,  which  forma  thein 
into  cups,  resembling  tlie  top  of  an  ordinary  percueaion' 
cap. 

Theao  caps  are  annealed,  and  then  passod  thron;;h  what 
is  called  the  drawing-press,  in  which  a  punch  pusbcs  them 
through  a  die,  iupreaaing  their  length  and  decreasing  their 
diamutor.  This  is  repeated  six  times,  changing  tlie  punch 
and  die  each  time,  and  annealing  the  metal  after  every 
drawing,  to  soften  the  metal  and  keep  it  from  breaking  or 
cracking.  Tim  circular  disk  has  now  assumed  the  form 
and  dimension  shown  In  Fig.  S.*)?. 

TlivM  tubcfl  are  now  taken  In  a  third  machine,  in  which 
^  a  lar^  cylinder  witli  grooves,  cut  along  its  surface  in  tlie 
T^t.  HT'  direction  of  its  elomcnts,  receives  a  number  of  them  with 
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the  closed  eDcU  all  in  one  direction.  As  this  feed-cylindrarevolTea 
on  its  axis,  a  circnlar  saw  cuts  off  in  successioa  the  broken  ends 
at  the  proper  distance ;  after  which  they  are  brought  oppodta  a 
reamer,  which  smooths  off  the  mouths  of  the  tubes.  In  the  same 
machine,  a  drill  cuts  a  hole  in  the  side  of  the  tube,  near  the  closed 
end,  and  drills  a  small  hole  directly  opposite  in  the  other  nde. 
While  the  reamer  and  drill  are  at  work  the  lai^  cylinder  is  at 
rest,  and  commences  to  reTolre  again  as  soon  as  the  r~~ 
drill  is  withdrawn.    Fig.  258.  ) 

The  rough  tube,  Fig.  267,  is  passed  twice  more 
through  the  drawing  press,  which  reduces  its  diameter 
two  sizes,  lengthening  the  tube  considersblj.  A 
number  of  these  are  placed  in  a  machine,  and  by 
means  of  circnlar  saws,  at  proper  distances  apart,  cut 
iuto  lengths  of  about  fy  of  an  inch.  The  end  of  one  of 
these  small  tubes  is  inserted  in  the  hole  in  the  long 
one,  and  soldered  in  that  position  under  the  blow-pipe. 
It  IB  now  ready  for  priming  and  wiring.    Fig.  259. 

Tlie  wires  are  cut  into  lengths  and  dattencd 
at  one  end.  The  flat  end  is  then  placed  in  a 
die  under  a  press,  and  made  rough  and  serra- 
ted for  the  purpose  of  acting  on  the  friction- 
powder.  Fig.  259.  The  extremity  a  is  annealed 
in  order  to  make  it  soft  enough  to  bend  with- 
out breaking. 

The  friction-powder  UBed  is  made  by  mixing 
together  two  parts  of  chlorate  of  potassa  and 
one  of  Bulphuret  of  antimony  moistened  with 
gummed  water.  The 
mixing  is  done  by 
grinding  the  wet  ma- 
terials in  an  ordinarj'    ^ ^^^^iltCC!!!^ 

caBt-iron    paint-mill,  ng.  nt. 

keeping  them  at  about  the  consistency 
of  paste.  The  ground  powder  is  placed 
in  jars  and  laid  by  for  use. 

The  short  tube  ia  now  lined  inside 
by  stuffing  it  full  of  the'moist  powder 
and  reaming  it  out  afterwards,  so  that 
the  serrated  wire  shall  not  be  imbed- 


^1 


,<Hlfi^s© 


FaiCnON-TUBEi 


I  ID  the  compoKitiuii,  but  will  have  a  liiiitig  of  it  on  every 
'tide. 

The  wire  »  now  pas&ed  through  the  short  tube  tuid  the  hole 

opposite  to  it  in  the  &ido  of  tlic  long  one,  the  open  end  of  tho 

tnbe  compres£Ccl  willi  nippcra,  and  tlie  little  toiigwu  nt  the  end  of 

w&a  Bcrratcd  part  doiibk-d  nuder  to  prevent  any  dtaplocprnent. 

e  other  end  is  doubled  mid  twisted  by  machinery,  Fig.  260. 

nie  bead  of  the  tube  ia  then  dipped  in  shellac  varnish  (madu 

I'U*'^  by  lanip-black),  and  when  dry  the  long  tube  is  filled  with 

KWUBkel    powder,    its    end    closed    with    BboematcerVwax,    and 

[Doched  with  ramiab. 

I  After  being  thoroughly  dried,  tJie  tubes  are  bundled  in  pack- 
soften,  the  wire  being  bent  down  parallel  to  the  stem  for  tlio 
bveniencc  of  packing,  and  ten  of  the  packages  placed  in  a  tin 
box,  in  which  is  also  placed  a  hook  to  be  attached  to  the  lanyard 
of  the  gnn. 

These  tnhca  fulfill  every  requirement  for  a  good,  safe,  and 

nertain  dtechargor  of  gnna.     A  failure  to  ignite  tho  charge  ie  rery 

tBDfiual,  and  even  after  being  soaked  for  a  number  of  hours  in 

v,  the  greater  part  of  them  will  stiU  act.    If  they  become 

^  ftey  are  restored  by  drying. 

F^lfcafirat  tubes  used,  instead  of  a  wire  had  a  slider  of  sheet 

« Incased  in  a  sheet  brass  cup,  which  stood  out  perpendicular 

to  tho  tnbc.     Tlie  wire  being  bent  down  along  the  tnbe,  taketi  up 

much  luAi  space  in  packing,  and  lias  besides  auolJicr  advantage. 

'  the  vent  of  most  pieces  being  inclined  to  the  rear,  the  tendency 

r  the  pull  made  on  tho  lanyard  ia  to  jerk  tho  tube  from  the  rent 

her  completely  or  partially.     In  the  'ast  case,  tho  side  of  the 

tnbc  is  drawn  against  the  sharp  edge  of 

B  month  of  tho  vent  and  brnt  over,  so 

wt  when  the  slider  does  net  and  explode 

t  friction -powder,    all    com  mun  lent  ion 

hth  the  powder  in  the  lower  part  of  the 

ibe  is  cut  off,  and  tho  fire  fails  to  com-  i 

rannicale  with  the  charge,  Fig.  2fil.  This 
may  be  obviated  by  holding  the  hand  xery 
_low,  ao  that  llio  direction  in  which  tho 
I  is  perpondicuiar  to  tlie  axis  of 
e  Tent ;  but  the  same  object  hi  butt«r 
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is  placed  to  the  left,  and  after  the  paper  is  rolled  on,  the  former  ib 
taken  in  the  left  hand,  and  a  turn  made  around  it  with  the  chok- 
ing-string  half  an  inch  from  the  end  of  the  paper.  Whilst  the 
string  is  drawn  tight  with  the  right  hand  the  former  is  held  in  the 
left  with  the  forefinger  resting  in  tlie  end  of  the  cylinder,  folding 
it  neatly  down  upon  the  end  of  the  former.  The  choke  is  then 
firmly  tied  with  twine,  by  making  two  turns  and  a  half-hitch 
around  it. 

Fob  Ball-cabtbidges,  the  cylinders  are  made  and  choked  as 
above,  and  the  choke  tied  with  two  turns  and  a  half-hitch,  with- 
out cutting  the  twine.  The  fonner  is  then  withdrawn,  the  ball 
inserted,  and  followed  with  the  concave  end  of  tlie  former.  Two 
half-hitches  are  tlien  made  just  above  the  ball,  and  the  twine  cut 
off. 

Fob  Ball  and  Buckshot  Cabtbidoes. — Make  the  cylinder 
as  before,  insert  three  buckshot ;  fasten  them  with  a  half-hitch, 
and  insert  and  secure  the  ball  as  before. 

Fob  Buckshot  Cartridges. — Make  the  cylinder  as  before,  insert 
four  tiers  of  three  buckshot  each,  as  at  first,  making  a  half-hitch 
between  the  tiers,  and  ending  with  a  double  hitch.  (For  dimen- 
sions of  paper  for  cylinders,  see  Appendix,  p.  39.) 

To  Fill  the  Cartridges. — ^Tlie  cylinders  arc  placed  upright  in 
a  box,  and  the  charge  poured  in  each  from  a  conical  charger  of 
the  appropriate  size ;  or  they  may  be  filled  by  a  charger  made  by 
attaching  to  a  large  brass  funnel  two  charging  cylinders  which 
communicate  with  one  discharge-pipe  at  the  lower  end,  and  are 
alternately  filled  and  emptied  by  the  movement  of  a  lever.  The 
mouths  of  the  cylinders  are  now  folded  down  on  the  powder  by 
two  rectangular  folds,  and  the  cartridges  lundled  in  packages  of 
ten. 

For  this  a  folding-box  is  necessary.  It  is  made  with  but 
two  vertical  sides,  at  a  distance  from  each  other  equal  to  five 
diameters  of  the  ball,  and  two  diameters  high.  Two  strips 
of  wood  nailed  to  the  table  will  answer  very  well  as  a  folding- 
box. 

BuNDLmo. — Put  a  wrapper  in  the  folding-box,  and  place  in  it 
two  tiers  of  five  cartridges  each,  parallel  to  each  other  and  to  the 
short  sides  of  the  wrapper,  the  balls  alternating ;  wrap  the  car- 
tridges whilst  in  the  folding-box,  by  folding  the  paper  over  them; 
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rtie  tlicm,  Bret  ui  the  direction  of  tlie  length,  then  of  tho  brcadtli, 
with  a  hit  of  twine  fn«teued  in  a  single  flat  knot. 

A  packftgo  of  twiiWi:  percuggit/n-^ap«  is  placed  in  each  bimdle 
of  ten  cartridges,  at  the  end  of  tho  bundle 

The  caAe  for  the  caps  is  made  tike  a  cylinder  fur  a  rifle  car- 
'  .tridge ;  it  is  choked  at  one  end  and  lied ;  when  the  caps  are 
[_  iiuertod,  it  is  folded  like  a  cartridge. 

Tho  handles  are  marked  with  the  number  and  kind  of  coi^ 
ridge 

JkTAKuro  Bcu-ETS. — Until  a  coinparatireW  recent  date,  projec- 
fles  for  small  arms  were  made  hy  casting ;  hut  thej  are  now  made 
^tf^thcr  br  pressure,  wliich  renders  tliem  more  uniform  in  biec, 
iDoothcr,  and  more  noHd  than  the  ca^t  onee.  Since  the  introdnc- 
non  of  the  elongated  bullet,  a  machine  has  been  adopted,  which, 
ciring  tlie  lead  in  the  form  of  round  bars  of  about  the  diame- 
r  of  the  ballets,  converts  it  into  perfect  projectiles  with  great 
npiditr. 

Paokixo  Bl'llkts. — ^Thc  ballets  are  packed  in  strong,  hooped 
nxBfi  for  transportation.  Tho  cylindrical  part  of  the  elongated 
inllet  i(  covered  with  a  mcltfd  composition  of  one  part  beeswax 
I  and  three  parts  tallow,  care  being  taken  to  remove  all  the  grease 
Lihim  tho  bottom  of  the  ball,  m,  by  coming  in  contact  with  the 
Mtom  of  the  case,  it  would  penetrate  tlio  paper  and  injure  the 
towdcr.  This  compoeition  is  sometimes  put  on  before  packing, 
nt  tunally  not  until  juft  before  tho  cartHd(;efl  arc  made  up. 

t  (shout  "5  lb«.)  of  tlie  elongated,  and  100  lbs.  of  the 
1  bullets  and  barkfthot,  are  packed  in  a  box,  which  should 

ked   with  tho  weight  and  kind,  tho  jilaco  and  data  of 

fkbrieation. 

Cabtbidoes  fuk  Elomoated  PsojBcru.E8. — Tl)e«e  rnrtridgM 

differ  BO  much  from  those  used  witli  tlie  spherical  bullet,  and 

ring  now  adopted  In  our  service  for  all  arms,  a  distinct  do- 

ription  become*  necessary. 

Tlie_^rm^r  used  ia  a  cylindrical  eticfc  of  the  exact  diameter  of 

B  bore  for  which  the  cartridges  are  to  be  made.     Tliis,  making 

e  exterior  diameter  of  tho  case  somewhat  UrgtT  than  the  bullet 

.  prvvcnt  the  unlcr  wrapper  iVom  binding  around  its  base 

kbttn  the  cartridge  is  broken. 

In  this  cartritigc,  a  t!ylind*r-<^9e  and  two  itrapptn  are  used. 
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The  Cylinder  Case^  as  Fig.  263,  which  contains  the  x>owder, 
is  made  of  a  rectangular  piece  of  stiff  rocket-paper,  No.  4. 

The  Cylinder  Wrapper^  Fig.  263,  in  which  this  is  inclosed,  is 
a  trapezoidal  piece  of  paper  (either  of  the  kinds  designated  in  the 
Ordnance  Manual  as  Nos.  1,  2,  or  3,  may  be  used). 

The  Outer  Wrapper,  Fig.  264,  is  also  in  the  form  of  a  trape- 
zoid, and  should  not  be  too  strong,  in  order  that  the  cartridge 
may  be  easily  torn.  That  designated  as  No.  3  is  recommended 
in  preference  to  No.  1. 

(For  the  dimensions  of  these,  see  Appendix,  p.  39.) 

To  indke  the  cartridge, 
place  the  cylinder-case  on  the 
cylinder  wrapper,  as  shown  by 
the  broken  lines  on  Fig.  263, 
and  laying  the  former  on  the 
edge  /,  roll  both  on  it,  allow- 
ing a  portion  of  the  wrapper 
to  project  beyond  both  case  and 
former.  The  end  of  the  case  is  closed  by  folding  this  projecting 
part  of  the  wrapper  down  against  the  end  of  the  former  (which  is 
made  slightly  concave),  and  pasting  the  folds.  It  is  then  taken 
off  the  former  and  allowed  to  dry. 

Wlien  dry,  the  former  is  again  inserted  in  the  case,  laid  along 
the  edge  c  of  the  outer  wrapper,  and  smoothly  rolled  up  in  it, 


allowing  sufficient  of  the  end  a  to  project  beyond  the  bottom  of 
the  case  to  receive  the  ball  and  form  the  choke.    The  ball  is  then 
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icrtod  in  thia  end,  the  base  resting  on  tlie  bottom  of  the  cylin- 
■der-ciuK.',  tho  ptii>cr  ucHtlj*  clicked  uruiiiid  tlio  point  of  the  ball, 
1  fiutcuud  with  two  Uulf-liilches  of  Cdrtridfte-Uircad. 
Tho  former  is  llien  withdrawn,  Uie  powder  poured  into  iu 
I  place,  and  the  mouth  of  tlie  cartrid^  folded  in  tho  usual  way, 
|>Fig.  iG&.  This  appears  to 
|:1hi  a  better  arrangement 
rtlian  u  adopted  in  most  of 
the  European  nrniivi*  fur  tlic 
^cartridge  for  tlie  elongated 
KSiall.  In  most  cases,  the 
p  point  is  fixed  nest  tho  pow- 
Lder,  rendering  it  necessary 
I  to  reverse  tlio  ball  after  the  powder  is  poured  into  the  gun. 

To  use  this  cartridge,  the  fold  is  torn  as  nsuul,  and  tho  powder 

Rsmptied  into  the  niuzxlc    Tlie  ball  is  then  Bcizvd  between  tlie 

litunh   and  forefinger,  and  tho  ease  struck  sharply  aeroM  the 

Banizzle  of  tho  piece ;  this  breaks  away  the  paper,  and  expoees  the 

'wttom  of  the  ball.     By  a  alight  preaeore,  tho  ball  ia  foreed  into 

B  tbe  muzzle  clear  of  all  cartridge-paper. 

PeEcuBSioN-CAi'B, — ^Tliere  are  a  number  of  different  kinda  of 
I  eajM  or  primiDg-niaterial  u»ed  with  small  arms. 

Until  about  the  end  of  tlie  last  century,  the  almost  nniversal 
I  iQetlio<i  of  firing  small  aniiii  wa.^  by  means  of  the  flint-lock,  which, 
I  iUclf.  had  sucoeedLi]  as  a  great  iinproveuient,  tlte  use  of  the 
1.  match,  and  wheel-locks,  at  the  end  of  the  preceding  century,  ItiTO. 
[  Towards  tho  end  of  the  last  century,  fulniinating-jiowder  waa  di»- 
[•covered,  and  aa  early  as  1SU7,  was  used  in  6{^>orting-aniu>  as  a 
[  inorv  rvrlain  means  of  exploding  tlio  charge,  and  from  this  grada- 
I  ally  extended,  not  only  to  tlic  small  arms  uacd  in  tlie  miUlary 
■vice,  hut  aliH>  to  cannon  ;  and  it  is  now,  with  very  few  excep- 
[  tiona,  nuireriMilly  ado]ite<I  for  Miiall  arms. 

Tlie  powder  fintt  used  was  chlorate  of  potaesa,  which  wae 

^CdiumI  to  oxidize  and  corrode  iron  and  steel  \ery  rapidly,  and  was 

B  abandoned,  being  replaced  by  tlic  fulminato  of  mercury,  tlui 

^of  which  upon  these  metals  is  very  slight.     It  was  fir»t  eo- 

I  in  Ml  envelope  of  wax,  and  afterward*  placed  at  the  bottom 

of  a  cap  of  thin  copper,  aa  now  employed. 

Tlio  diiBcaUy  of  souung  and  adjusting  ao  small  a  body  as  the 
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ordinary  cap,  nnder  all  circumstances,  especially  in  the  dark,  or 
when  the  fingers  are  benumbed  with  cold,  led  to  the  adoption  of 
a  very  large  size,  on  the  lower  edge  of  which  a  projecting  nm  was 
placed  to  serve  as  a  guide  to  the  fingers. 

It  was  soon  found  that  these  caps  were  so  large  and  thick  that 
the  hammer  sometimes  failed  to  explode  the  powder,  and  this 
was  obviated  by  a  change  in  the  nipple,  the  opening  in  which  is 
made  conical  at  top  instead  of  cylindrical,  so  that  the  powder  is 
forced  by  the  action  of  the  hammer  upon  a  sliarp  ed^^e,  which 
presenting  a  much  smaller  number  of  points  than  the  whole  sur^ 
face,  never  fails  to  explode  it.  The  new  system  was  applied  to 
small  arms  in  France  in  1840-1,  and  in  this  country  several  years 
afterwards,  flint-lock  guns  being  changed  to  percussion. 

The  Common  Peecussion  Cap  is  now  made  entirely  by  ma- 
chinery. The  machine  used  in  the  United  States  (Wright's), 
forms  the  cap  from  a  sheet  of  copper,  primes  it,  and  turns  it  out 
completely  finished  all  except  the  varnishing,  which  is  done  very 
rapidly  in  another  machine. 

A  punch  first  cuts  from  the  sheet  of  copper  a  piece  in  the  form 
of  a  cross,  wliich,  sliding  down  an  inclined  plane,  lands  over  a 
die,  when  a  punch  comes  down  upon  it  and  presses  it  into  the 
cap,  the  die  and  punch  being  so  regulated  that  the  slits  in  the  cap 
do  not  extend  to  the  bottom,  which  protects  more  completely  the 
percussion-powder  from  moisture. 

A  horizontally  revolving  pla*e  now  brings  a  hook  under  the 
rim  of  the  cap,  and  carries  it  around  imder  the  hopper  containing 
the  percussion-powder,  which  drops  a  charge  of  the  dry  powder 
in,  and  the  plate  continuing  to  revolve  brings  the  cap  under  a 
punch,  which  not  only  presses  the  powder  solidly  into  its  place, 
but  polishes  tlie  surface  of  it.  This  machine  is  capable  of  turning 
out  5,000  caps  an  hour,  being  furnished  the  copper  in  sheets. 

Percussion-Powder. — ^The  powder  used  in  these  caps  consists 
of  the  fulminate  of  mercury  mixed  with  half  its  weight  of  salt" 
petre.  To  prepare  the  mixture,  the  fulminate  of  mercury,  which 
is  kept  in  jars  under  water,  is  first  drained  and  partially  dried 
until  it  contains  only  20  per  cent,  of  water.  It  is  then  intimately 
mixed  with  60  per  cent,  of  its  weight  of  refined  pulverized  nitre, 
by  working  with  a  spatula  and  wooden  muUer  on  a  mealing-table. 
Whilst  still  moisti  the  mixture  is  passed  through  a  common  hair 
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lere,  and  U  tlicn  dried  vitli  great  caro,  pa^ed  a  second  time 
bbing  it  wilL  tlie  hand  or  a  leather  pad, 
nDtil  it  ii  redaced  lo  a  line-graiiied  powder,  when  it  is  read;  fur 
tuso.    The  charge  for  each  cap  is  kaif  a  grain. 

VABjnauiNO. — ^Thc  caps  are  varmshed  to  protect  Uie  powder 
!"Oni  tlic  action  of  moisture.  Tlio  vamifih  is  inaile  by  dissolving 
3  bcBt  gum  shellac  in  rectific<l  alcohol ;  and  a  single  drop  is 
iced  in  each  cap,  by  means  of  a  glass  tube  furnished  with  a 
uding  valre  of  iron  wire,  which  allows  thv  drop  to  e#ca])e  when 
D  tnhc  is  pressed  agninst  the  bottom  of  the  cap.  Tlie  caps  are 
Lced  in  holes  made  in  a  board,  500  in  each  board.  Tlus  is 
ipidly  done  by  placing  a  number  on  the  board  and  shaking  it 
Ideways,  when  tlie  caps  settle  into  the  holes,  and  the  defective  or 
Incharged  ones  are  easily  discovered  by  inspection. 

The  varnish  is  also  applied  by  a  simple  machine,  which  con- 

B  of  a  handle,  to  which  is  attached  a  number  of  little  pistons 

r  pins.     A  reservoir  of  varnish  is  placed  on  one  side  of  this,  and 

D  the  other  a  board  containing  the  cape.    The  turn  of  the  handle 

c  direction,  loads  each  piistun  with  a  drop  of  the  ramish,  and 

[turn  in  the  oiiposite  direction  depoeits  thcMj  in  the  caps. 

MArxAKE>'<«  pRiHKKs  tso  made  by  a  machine  iit  which  the 
Irincipal  parts  are  three  cast-iron  plate*, 
e  on  top  of  the  oUier.  Fig.  2(I(J.  Tlie 
MIom  ouD  has  projecting  from  its  sur- 
SMO  uull  pins,  which  fit  closely  into 
intirely  through  the 
lings  are  so  arranged 
ITlwo  plates,  that  the  dis- 
IMIM  batWMu  them  can  bo  accurately 
ngvlated,  governing  thns  the  distance 
from  the  top  of  the  ptns  to  the  surface  of 
the  seiwnd  pUlc.  Tliese  two  plates  arc  rcprvMntcd  as  eomplelrly 
separated  in  the  figure,  which  is  a  section  through  the  three 
jilates  per]>endicutar  to  their  Icngtlis,  and  through  one  row  of 
hole*. 

The  third  plat«  baa  oountcrvimk  in  its  lower  surface,  500  little 
'  '  0  primer  to  bo  marlc,  whii;h  corr«s]>ond  when 
B  plate  is  in  its  position  to  the  fiOil  holes  in  tJie  second  plate. 
Having  adjnslcd  the  first  and  second  platea,  the  percosaioti 
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powder,  containing  about  twenty  per  cent,  of  moisture,  is  spread 
over  the  middle  or  charging  plate  with  a  steel  pallette.  All  that 
portion  of  the  holes  above  the  little  pins,  is  thereby  filled,  and  the 
powder  on  the  surface  of  the  plate  is  removed.  A  sheet  of  strong, 
well-made  paper,  called  parchment  paper,  is  now  slightly  damp- 
ened and  laid  over  the  powder. 

The  third,  or  moulding-plate,  is  now  placed  on  the  paper,  and 
the  three  plates  transferred  to  a  screw-press,  where,  pressure  being 
applied,  the  paper  and  powder  are  forced  into  the  little  cups 
of  the  moulding-plate.  The  top  plate  is  taken  off,  the  sheet 
of  paper  adhering  to  it,  and  a  sheet  of  thin,  strong  paper,  well 
coated  with  paste,  is  smoothed  down  upon  the  other,  and  the 
plate  and  papers  again  subjected  to  pressure.  The  paste  used  to 
unite  the  two  sheets  of  paper  is  made  of 

10  parts  of  gelatine  and 
1     «      «  sugar-house  molasses. 

After  a  few  minutes'  strong  pressure,  the  plate  is  taken  from 
the  press,  the  sheet  of  primers  removed  from  it  and  dried.  After 
which,  a  coat  of  coloring  mixed  with  shellac  varnish,  is  ^plied, 
and  the  sheet  dried  again. 

It  is  then  cut  by  machine-sheers,  into  ten  strips  of  fifty 
primers  each,  the  strips  given  three  coats  of  varnish,  dried  after 
each,  and  then  coiled  by  inserting  one  end  in  a  slit  in  the  end  of 
a  little  windlass  and  turning  it.  Each  coil  is  then  wrapped  in 
paper,  coated  with  linseed  oil,  and  packed  ten  coils  togeUier  in 
cylindrical  tin  boxes  of  the  diameter  of  the  coil. 


FIRE-WORKS    FOB   INCENDIARY   PURPOSES,   SIGNALS   AND   UGBTS. 

Incendiary  CoMPOsmoNS  for  loading  shells,  &c.  In  shells 
designed  to  set  fire  to  buildings  or  combustible  materials  of  dif- 
ferent kinds,  something  more  than  powder  must  be  placed,  to  be 
scattered  by  the  bursting  of  the  shell,  so  as  to  make  its  effects  felt 
to  as  great  a  distance  as  possible.  The  use  of  pieces  of  portfire 
for  this  purpose  has  already  been  mentioned.  The  others  princi- 
pally used  Kve  fire-stone  and  Valenciennes  composition. 

Fire-Stone  is  a  hard  and  highly  combustible  compostion, 
the  flame  of  which  penetrates  and  sets  fire  to  most  substances 
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witli  which  it  comee  in  contact.      There  are  several  different 
compositioDB  used,  one  of  tlie  beet  being, 

Mutton  Tallow,  ...  1  part. 

Turpcutiiio,  .  .      1    " 

Rosin,  .  .  3    " 

Sulphur,  .  .       4     " 

Nitre,  .  .  .  10     " 

Kc^u6,  (or  pure)  Autimony.  .      1    " 

TIio  lut  four  Aubetancos  are  pulverized  eopfu-stvly,  and  well 
[xed  togetlier  by  hand.     In  an  iron  kettle,  tlic  bottom  of  which 
•  beat«d  in  a  fumacte,  or  in  a  pan  over  a  fire  in  the  open  air, 
ttwo  are  melted  together,  and  the  pulverized  inii^redienta 
II  in,  a  email  quantity  at  a  time,  the  whole  being  kept  con* 
IBtljf  stirred  with  long  wooden  or  copper  epatnlaa.     It  is  very 
liable  to  taku  fire  from  the  heat  of  the  vessel,  if  all  tho  mixture  is 
Dot  kept  Constantly  on  tlie  more.     Tlio  operation  is  finished  when 
composition   takes  a   bright   metallic   hi«tre,  iuerraaing  in 
udity. 
It  ia  then  poured  out  into  wooden  nioulda  and  aUowetl  to  cool ; 
which  it  i*  broken  up  into  i>iece«  and  introducetl  into  shelli, 
It  is  alao  used  in  tho  manufacture  of  thundering 

Another  way  of  preparing  it,  is  to  cast  it  into  cylindrical 
louldd,  niwlc  of  paper,  and  of  two  sin's,  Rcccrdin|f  to  the  shells 
I  vhiclt  they  are  lo  bo  used.  The  largvst  for  13  and  10  in.  shells, 
1  tlie  other  for  8  in.  and  4d-[>d  and  S2'\»i. 
In  the  axis  of  the  mould,  n  sniatl  paper  tube  is  placed  to  re- 
live the  priming.  Hie  inouldii  are  about  0.05  in.  thick,  and 
ule  by  rolling  rocket  paper  on  a  former,  and  fastening  it  witii 
Tho  priming  tulics  are  niaile  with  4  turns  of  musket-car- 
irfdge  paper. 

For  the  Doovonience  of  filling,  the  moulds  are  placed  upright 
in  a  frsme  of  wood,  a  *mall  spindle  being  fastened  at  the  bottom 
at  ouh  to  receive  and  support  the  priming  tubes. 

When  the  composition  has  become  solid,  the  moulds  arc  taken 

1  the  frame,  and  removed  from  around  tbo  fire^tono,  an^the 

ning-tnbca  filled  with  the  composition  used  in  the  fuzos  for 

ibdk,  tifi^tly  driven.    Botli  ends  of  the  eylindor  ire  then 

1  bi  moUed  [wwdcr,  and  the  outaido  acrapcd  clti«n  of  paper. 
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The  cylinders  are  3  ins.  long,  and  can  readily  be  introdaced  into 
the  eyes  of  the  shells,  being  from  1  to  1^  in.  in  diameter. 

Valenciennes  CoMPosmoN,  is  made  in  pretty  much  the  same 
way,  being  cast  in  cylindrical  copper  moulds,  6  in.  long,  and 
broken  into  pieces  as  large  as  the  shell  will  admit  without  inter- 
fering with  the  fuze.    It  is  made  of 

Nitre,  ....  50  parts. 

Sulphur,  .  .  .  .      28      " 

Antimony,     •  .  .  .  18      " 

Sosin,     .  .  .  .  .         6      " 

Cascasses,  are  sometimes  filled  with  fire-stone,  and  the  holes 
for  priming  bored  out  before  it  becomes  hard.  The  usual  filling, 
however,  is  portfire  composition  mixed  with  a  small  quantity  of 
finely  chopped  tow,  and  incorporated  with  equal  parts  of  white 
turpentine  and  spirits  of  turpentine,  until  a  proper  consistency  h 
attained.  This  composition  is  compactly  pressed  into  the  carcass 
with  a  drift,  so  as  to  fill  it  entirely.  Plugs  about  ^  in.  in  diir 
meter  are  then  inserted  in  the  holes,  meeting  at  the  center, 
forming  when  withdrawn,  the  priming  holes  of  the  projectile.  In 
each  of  these  holes,  three  strands  of  quick-match  are  inserted, 
long  enougli  to  project  two  or  three  inches  outside,  and  packed 
in  with  portfire  composition.  The  quick-match  is  coiled  into  the 
holes  and  fastened  there  by  cotton  patches,  secured  with  glue  or 
kit  J  until  the  carcass  is  wanted. 

Conmion  shells  may  be  loaded  as  carcasses,  by  placing  the 
bursting-charge  in  a  flannel  bag  at  the  bottom  and  driving  in 
carcass  composition  until  the  shell  is  nearly  filled  ;  4  or  5  strands 
of  quick-match  are  then  inserted  and  secured,  by  driving  more 
cpmposition  upon  it.  These  shells,  after  burning  as  a  carcass, 
explode. 

Signal  Rockets — ^Tliese  are  usually  made  of  two  sizes,  1^" 
and  2 ',  and  are  designated  by  the  exterior  diameter  of  the  case. 
The  ease  is  made  of  paper.  A  sheet  of  Xo.  4  (19"  x  28")  makes 
two  strips  for  the  2 '  rocket,  by  cutting  it  in  two,  parallel  to  the 
short  side ;  and  when  cut  in  the  other  direction,  makes  two  strips 
for^the  If . 

Tlio  former.  Fig.  267,  consists  of  two  parts,  the  longest  one 
being  square  at  one  end,  and  having  at  the  other,  where  it  is 
slightly  rvmudoil,  a  oonioal  opening,  into  which  fits  the  spindle  of 


tlic  ftccond  part,  wliich  is  eborter  than  the  first.  At  the  pcuot 
where  the  two  parti*  join,  Itotli  being  roiintled,  u  a  dcprcsBion 
which  is  to  form  the  choke  of  the  rocket.  The  diiuii(;t<:r  of  Uie 
formtr  is  }  of  the  caliber  of  Uio  rocket. 

To  Tnalu  th«  ca«f,  the  former  is  enveloped  with  a  tJicet  of  tJie 
paper,  cat  to  tho  proper  eizc  and  pasted  after  the  firet  turn.  It  \a 
then  placed  in  thu  prcM  and  rolled  tight,  after  vhich  another 
piece  of  paper  ia  ntUed,  pasted,  and  ))re*f'<.<l  on ;  and  so  on  nntil 
the  proper  size  is  obtained.  The  preas  con^iKtit  of  a  tublv  having 
groovcfi  in  the  top,  of  a  proper  ^ize  to  receive  the  caKt-s.  On  top 
of  this  is  placed  a  heav;  platform  with  eorre6]Hinding  groorea, 
and  this  ia  lunged  to  tho  table  and  rai»:<d  bv  a  lever  to  pat  the 
cues  in.  The  casoa  are  then  rolled  bv  clipping  a  handle  on  the 
atjoare  end  of  the  former  and  turning  it. 

CKaleing. — To  choko  tJic  case,  it  is  wrapped  at  the  joint  of  tho 
former  with  a  piece  of  strong  paper,  to  pri'veut  the  choking  cunl 
from  chafing  it.  A  strong,  smooth  cord  is  attached  to  tho  top  of 
a  utationary  poet.  ]iasses  over  tho  end  of  a  jointed  limb  whicti 
proJLvts  from  it,  and  is  »oeiire<]  iu  a  trvndle  near  thu  floor.  A  turn 
is  tuki-n  around  the  ca»e  at  the  joints  of  tlie  former  witli  tliecord, 
the  ftKit  premied  upon  tho  treadle,  and  the  ease  turned  at  the  same 
time.  As  tile  paper  yields  to  the  pre^ure,  the  &hort  part  of  the 
'  rincr  indrawn  ont.  until  the  case  is fiufScienllv contracted,  when 
'!i-:  cord  is  taken  off,  thu  chuku  wrapped  with  »lp>ng  twine,  and 
' ',  'former  removed.  W  hen  Uio  case  is  perfectly  drj-,  it  is  trimmed 
'  '  ihe  pro[>cr  length,  so  that  the  distance  from  the  middle  of  the 
<  h'^ko  to  the  bottom  sliall  bcviiuai  to  that  from  the  bottom  of  the 
fLpiodIc  to  Uio  Wtlom  uf  the  monld,  and  the  remaining  portion 
equal  in  length  to  the  distance  between  the  bottom  of  the  apindle 
waA  top  of  the  mould. 

Miriny  M«  eompuntiem. — The  composition  shuold  be  well 
mixed,  hy  i>aming  it  through  fine  sieves,  and  mbbing  it  in  the 
bands.  The  charcoal,  being  the  lightest  ingredient,  must  b«  added 
■Acr  tbe  nitre  and  snlpbnr  have  been  mixed,  i^teel  tiling*  or 
mtimony  aboaUl  b«  ad<lod  after  tite  cliareoa) ;  and  whilst  driving 
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the  rocket,  the  compoeition  mast  be  freqoentlv  etimd  to  present 
these  heaTT  materials  from  fettling  to  the  bottom. 

(For  the  proportion  of  the  ingredients,  see  Appendix,  p.  52.) 

MouLM  for  driving  rockets  are  cast  in  a 
single  piece  and  bored  ont  to  the  proper 
caliber.  The  gpindle,  which  is  made  of 
cast-eteel,  stands  on  and  is  connected  with 
the  base,  of  cast-iron,  as  is  represented  in 
Fig.  2f>S.  The  mould  being  passed  down 
over  the  spindle,  is  secured  br  a  pin,  vhicli 
runs  throngh  both. 

Driviso. — ^The  case  is  placed  over  the 
spindle,  choke  down,  and  settled  with  a 
mallet  until  it  rests  on  the  base  of  the 
ejiindle.  The  mould  is  then  placed  orer 
it,  and  keyed  to  the  base,  which  should  rest  y^ 
on  some  solid  foundation,  as  a  large  block  ^ — 
of  wood.  ^'»'~ 

The  composition  is  placed  in  from  a  ladle,  which  is  made  d 
such  a  size  as  to  contain  enough  to  form  a  column  when  drirea 
equal  in  height  to  ^  the  interior  of  the  case.  In  driving,  fonr 
drifts  (Fig.  269)  are  used,  made  of  brass,  or  hard  seasoned  wood 
tipped  with  brass.  The  drifts  have  handles,  strengthened  at  ti< 
top  by  copper  bands.  Tlie  first  drift  is  pierced,  to  receive  the 
whole  length  of  the  spindle,  the  eecond  to  receive  |  of  it,  the  third 
to  receive  -J,  and  the  fourth  is  solid. 


Mallets,  for  driving  1  \"  and  2'  rockets  are  turned  ont  of  hard, 
well-seasoned  wood,  and  weigh  about  2  and  3  lbs.  respectively. 
Tlie  force  to  be  employed  in  driving  depends  on  the  size  of  the 
rocket,  the  largest  receives  30,  and  the  smallest  25  blows,  for  each 
ladle  full  of  composition. 

Tiie  hollow  drifts  are  first  used,  the  shorter  ones  being  taken 
as  tlie  case  fills.  When  the  composition  reaches  the  top  of  the 
spindle,  one  more  diameter  is  driven  with  the  solid  drift,  and 
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covered  with  R  patcli  of  atilT  paper,  cut  to  fit  tlic  ciuic;  and  over 
this  i«  driven  a  wad  \  of  a  diamotvr  Iiigli,  of  clay,  or  plaster  of 
paria  sliglitlj  moistened  with  water.  Tliia  wad  ia  afterwards 
pierced  with  a  gimlet  tbniiigh  to  the  composition,  by  means  of 
■which  fire  ia  coinraiinicated  to  the  bursting-charge  in  the  pot 
containing  the  omamente. 

Kockola  are  sometimes  driren   solid  throughont,  iind  after- 
wards  bored  out  with  a  tap  of  the  form  of  the  spindle. 

Pots  are  made  of  rocket-paper,  by  rolling  two  or  three  tiime  of 
it  Qpon  a  fonnvr  uf  the  same  diameter  ns  the  rocket-ease,  pasting 
it  nil  well  except  the  flrst  turn  on  the  former. 
TIic  pot  Is  two  diameters  long,  and  when  attached 
to  the  rocket  has  an  interior  depth  of  one  and  a 
batf  diaineters.  In  it  are  placed  tlie  omamenta  of 
Bttie  ro«'ket,  and  the  charge  of  powder  designed  to 
bIow  them  apart. 

Coxes  an:  mado  of  rocket  paper,  which  is  cut 

I  jato  circles  of  a  diameter  eqnal  to  twice  the  height 

\tt  ihe  cones  to  be  made.    Each  of  ihe«e  eircle», 

it  in  half,  makes  two  cones.    Tliey  arc  rolled  upon 

IS  former,  Fig.  370,  pasted  and  dried. 

Peuuxo. — A  rocket   i&  primed   by  coiling  a 

•  of  qnick-match,  about  2'  long,  in  the  conical 

,  and  covering  it  with  a  cap  of  strong 

r,  pMhtd  down  or  tied  in  tlic  choke.  '^  "* 

Kasdio  Vr, — lliu  ]>ot  in  placed  in  [KiMition,  by  pasting  the 

upper  part  of  the  case,  and  sliding  it  into  the  pot  to  the  proper 

distance;  or  a  ring  of  light  wood  may  l>e  uscil,  which  fitting 

inside  tli«  lower  end  of  tlie  pot,  ia  placed  over  the  upiHT  end  of 

the  case,  by  taking  off  several  folds  of  the  paper  down  aa  far  m  ia 

nrcewary.    The  plaster  of  pans  covering  having  been  pierced 

witli  a  gimlet,  the  hole  ia  filled  with  meal-jtowdcr,  and  the  burst- 

ing-cbargo  and  ornaments  placed  in  the  pot  with  a  slight  covering 

of  tow.    Hie  rone  filled  with  tow  (to  aselst  in  resisting  tho  prca- 

'  rre  of  the  air),  and  with  itn  bate  cut  to  the  mme  size  as  the  pot, 

[  ■  placed  on  lop  of  the  latter,  to  which  it  is  fastened  by  pasting 

muvcr  it  a  oune  mado  of  fine  paper,  the  lower  part  being  cut  into 

Hlipa,  and  paated  down  over  tlie  pot.    A  slip  of  fine  fper  ia  then 
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panted  around  tlic  joint,  to  gire  a  iaiih  to  the 
rwket.  Tlie  cont  decreases  tlie  oppoeition  offered 
Ijv  the  air,  and  assists  tlie  rocket  in  penetrating  it. 

Str:iL'4. — As  a  guide  to  the  roeket.  a  stick  made 
of  dry  pine,  or  oilier  Ujrlit  n-uod,  and  nine  times  the 
lengtli  of  tlie  case,  is  attacLcd  to  it  with  twine.  The 
large  end  is  fixed  to  tlie  cnee,  and  is  bereled  off  «o 
aa  to  decrease  tlie  resistance  of  the  air.  The  side 
next  the  case  is  grooved  out  for  a  distance  equal  to 
)  the  length  of  the  case,  which  fits  into  it.  Just 
helow  the  bevel,  and  also  opposite  the  choke, 
notches  are  cut  to  receive  the  twiuo  br  which  the 
case  is  bound  to  the  stick.     (See  Fig.  2T1.) 

Tlie  other  end  of  t)ie  stick  is  decreased  in  thick- 
ness to  half  that  of  the  case  end.  The  poise  of 
rockets  should  be  verified  by  balancing  them  on  a 
knife-edge.  Those  under  IJ'  should  balance  at  3 
diaineters  from  the  neck ;  between  that  and  2",  at 
•di  diameters ;  and  larger  rockets  at  2  diameters.  If 
the  stick  is  too  light,  the  rocket  will  not  rise  verti- 
cally ;  and  if  too  long  aud  lieavy  it  rises  slowly,  and 
will  not  arrive  at  its  proper  height. 

Uecokatioss. — A'arioua  kinds  are  used,  such  as 
Siam,  Gold  limn,  SerjK-nis,  Ha'in  of  Fife,  J/ar-^  . 
■rons,  d:c.  fi»  jtl 

Stars  are  the  most  beautiful  decorations  of  rockets.  Ther 
are  made  by  driving  the  composition,  moistened  with  alcohol  and 
a  Muall  quantity  of  gum-arabic  solution,  in  portfire  moulds  witk- 
out  any  paper  case,  and  with  a  moderate  number  of  blows  ■  ther 
are  cut  into  lengths  of  about }  of  an  inch,  and  dredged  widi 
moaled  powder.  A  more  expeditious  and  better  mode  of  makine 
them  is,  to  mould  them  in  a  brass  cylinder  of  the  diameter  desired 
for  the  stars,  and  push  them  out  with  a  rammer,  cutting  them 
into  proper  lengths  as  they  arc  formed.  Stars,  after  being  dredged 
with  mealed  powder,  must  be  dried  in  the  shade.  The  gum 
arable  used  in  the  star  composition  is  intended  to  give  such  consis- 
tency to  the  stars  that  the  explosion  of  the  head  of  the  rocket  may 
not  bi-eak  them  in  pieces,  and  thereby  destroy  the  effect  For 
composition,  see  Appendix,  p.  52. 
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Gold  Hits  is  toftde  Id  the  same  manner  as  Btare,  utisorriDg  to 
cnt  or  mould  the  oiii position  into  [liwcs  of  tmanl  sixo.  Tlie  effect 
(it  t]ii«  (IccoralioD  is  bt'xnlinil,  uml  it  is  less  tronblcsomo  tliui 
tcrpvtite.    (For  composition,  boo  Appendix,  p.  52.) 

HKKfKKTs  art!  driven  in  Hraall  oaeea  made  of  rocbet-papcr  or 
pUjriug-canls,  roU»l  over  a  former  0.4  inch  in  diameter  and 
covered  with  two  thiokncssoB  of  etrong  fine  paper,  the  last  turn  of 
which  Is  pasted.  When  dry,  theeo  casM  arc  choked  at  one  end, 
wtUiotit  hcing  entirely  closed,  and  are  then  etiar^ed  abont  1  of 
their  length  with  composition,  by  moAns  of  a  small  mallet,  a  drift, 
and  a  blut-k  of  wood  with  o  hole  boreil  in  it  to  rcocivu  nearly  the 
th«  whulo  length  of  tlie  case.  Tlic  case  is  choked  over  thu  compo- 
sition, and  the  remainder  of  it  U  nearly  filled  with  mealed 
jMiwder,  opon  which  a  small  paper  wad  is  placed  ;  a  clay  head  is 
liicn  driven  on  it.  and  tlie  end  "f  tlie  case  tnnied  down,  to  secure 
it ;  the  other  end  is  i>]>enod  with  a  panch,  and  primed  with  priming 
jatte,  or  a  small  strand  of  ijniek-match.  SerjientJi  are  placed 
iliculnrly  in  tho  pot,  with  the  primed  end  downwards, 
■miposilion,  see  Appendix,  p.  52.) 

lUtx  OF  Fis):  is  made  with  email  coses  0.3  in.  diameter,  and 

3  ins.  long,  two  thicknesses  of  paper  being  sufficivnL  The  end 
of  the  case  is  closed,  and  it  is  charged  and  primed  like  that  for  a 
sfqtent,  oxciipt  the  powder  for  a  cracker.  Coni]>o#!tion,  Ifl  part*  of 
iii<»le<l  ]>ow4L'r  and  6  of  charcoal.  Another  kind,  which  allows 
in  *[inrks,  is  made  of  It  ]  arts  cotnpbor,  ^  of  niter,  8  of  mealed 
jHiwder,  and  S  <if  tow.  The  compow'tiou  is  formed  into  a  very 
li(|Ditl  paste  with  gummed  brandy,  and  after  miicing  in  the  tow 
chopped  fine,  is  ndlcd  into  small  balls  abont  the  tize  ut  bnek-shot, 
covered  with  mealed  powder,  and  dried. 

Makeii»  aru  rubes  Ulled  with  gniined  powdtrr,  and  enveloped 
with  twit  or  three  Inyera  of  strong  twine  or  marline ;  to  give  them 
more  consistency,  they  arc  dippn)  in  kit ;  they  are  primed  by 
jtnnching  a  small  hole  in  one  comer  and  inserting  i]uiek-match. 
They  are  made  of  strong  pasIebo«rd,  cut  into  the  form  of  a  paral- 
lehigram  whose  sides  aru  in  the  proportion  of  3  lo  5,  divided  by 

4  (tuts  fn»m  each  side,  extending  one  third  of  the  width,  and  at 
•qnat  distajiees  apart,  wliirh  prepare  the  paper  for  folding  into 
tl)«  form  of  a  cube  of  tho  tlzo  of  one  of  the  iniall  sfiuirea  thtu 
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Packing  Hockets. — ^The  sticks  arc  tied  np  in  bnndles;  the 
rocket-case  is  wrapped  with  tow  so  as  to  be  larger  than  the  pot, 
the  tow  being  confined  with  a  piece  of  twine  long  enough  to  tie 
on  the  stick.  The  rockets  are  placed  in  a  box  on  a  bed  of  tow 
laid  under  the  choke,  and  they  are  pressed  closely  together ;  tow 
is  then  carefully  stuffed  in  between  the  heads  of  the  rockets ;  each 
tier  is  also  covered  with  tow. 

Wak-Eockets. — ^The  cases  of  war-rockets  are  made  of  sheet- 
iron,  lined  with  paper  or  wood  veneer.  The  head  is  of  cast-iron, 
and  may  be  either  a  solid  shot  or  a  shell,  with  a  fuze  commimi* 
eating  with  tlie  rocket  composition.  The  case  is  usually  charged 
solid,  by  means  of  a  ram,  or  a  press,  and  the  core  is  then  bored 
out. 

The  dimensions  of  war-rockets  are  indicated  by  the  exterior 
diameters  of  the  cases. 

These  rockets  have  been  made  of  two  kinds,  viz. : 

1.  I'he  Congress  Rocket^  which  has  a  directing  stick  fastened 
to  the  tail-piece,  in  the  axis  of  the  rocket. 

2.  Hale's  Rocket^  which  requires  no  stick,  its  direction  being 
maintained  by  a  peculiar  arrangement  of  holes  in  the  tail-piece, 
through  whicli  the  flame  issues. 

FiKE  Bajlls  are  oval-sLaped  projectiles,  formed  of  canvas 
sacks  filled  with  combustible  material.  The  sack  is  made  of 
strong,  close  canvas,  two  or  three  thicknesses  of  itfbich  may  be 
sewed  together  according  to  its  strength.  These  are  smeared  on 
all  sides  with  hit  composition  (see  Appendix,  p.  53)  after  the  stuff 
is  cut  into  three  curved  pieces,  whicli  are  then  sewed  together 
to  form  the  ball.  Tlie  mouth  is  left  open,  and  after  the  bag  has 
been  turned  to  bring  tlie  seams  inside,  the  edges  are  turned  out- 
wards over  an  iron  ring,  and  sewed  to  it.  Tliis  ring  must  be  large 
enough  to  admit  the  shell  which  is  to  go  inside. 

The  shell  is  charged  with  powder  and  fitted  with  a  slow- 
burning  fuze.  A  tarred  link,  dipped  in  melted  rosin,  pitch,  and 
tallow,  is  fastened  with  twine  to  the  shell  around  the  fuze,  to 
insure  the  latter  taking  fire. 

Charging. — ^Tlie  sack  is  now  placed  in  a  spherical  mould 
formed  of  two  heavy  blocks  fastened  together  with  iron  bands» 
and  a  layer  of  soft  composition  placed  in  the  bottom  (see  Appen- 
dix, p.  53).     On  this  is  placed  the  shell  with  the  fuze  down,  it 
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i  in  ploco  hy  twino  powiinj;  tlirongb  the  Bidea  of  Uie 
by  %  piece  of  canros  sewed  to  the  sides.  Tlio 
lek  is  filled  with  composition  to  tlie  proper  lii-iglit  above  the 
bell,  and  the  addiltonnl  qiiiuitity  of  drv  composition  is  pUced  in 
kbcapin  the  center,  finishing  ihe  filling  wilh  the  drj- composi- 
,  which  is  rammed  in  with  n  wooden  drift  and  mallet.  "Ilio 
ick  is  then  taken  out  of  the  mould,  tlm  mouth-ring  taken  off,  and 
iie  month  closed  1>v  sewing  or  t}'ing  the  pieces  together. 

To  prevent  the  ball  from  being  broken  by  the  force  of  tha 
iiargc,  it  is  famished  with  nn  iron  botlom  made  of  plato-iron,  to 
yhicli  il  is  fastened  witli  a  cement  which  is  poured  hot'  into  the 
lOttom,  the  ball  set  in  it  and  left  to  cool.  The  whole  ia  then 
jovered  and  etrengtht-ncd  with  a  net-work  of  Bpun-yarn  or  cord, 
iiicb,  commencing  at  the  bottom,  incloses  the  ball,  and  is  formed 
t  top  into  a  strong  loop  which  eerres  a«  a  Iiaudle  for  carrying  it. 
Pmuxfl. — To  prime  one  of  these  balls,  four  holes  are  made 
(out  three  inches  from  the  top,  by  driving  in,  two  inches 
Kp,  greased  wooden  ptns  one  inch  in  diameter.  When  the  ball 
I  to  bo  primed,  these  pins  are  removed  and  the  holes  filled  with 
I,  or  fozo^iomposition,  driven  in  with  a  couple  of  strands  of 
[Uick-match.  Koom  enough  is  lefY  in  the  hole  to  coil  up  the 
uick-malch,  which  is  then  covcrM  with  a  piece  of  canvas,  pasted 
[own  or  fastened  with  nail>.  Tlio  priming  should  not  be  done 
mtil  the  lialls  are  rc(|nired  for  nse. 

r«c. — These  balls  are  need  to  light  up  an  enemy's  works, 
;  thrown  out  from  morturs  for  the  purpose.  As  the  inclosed 
ibcll  is  liable  to  explode  at  any  moment,  it  is  dangeroiu  to 
|)pruach  tJiciii  whilst  burning. 

LlGirr  Balls  are  made  in  tlio  same  manner  as  Src  balls,  but 
mtain  no  sliells,  and  are  used  to  light  up  onr  own  works. 
Tabrkd  Lcru  are  used  for  lighting  up  a  rampart,  or  for  incen- 
«y  purposea.  Tliey  consist  of  colls  of  soft  rope  placed  on  top 
r  each  other  ami  loosely  tied  together ;  the  exterior  diameter  is 
t  inebca,  the  interior  three  inches.  They  may  be  made  of  pieces 
r. nwtch,  about  fifteen  feet  long;  immoreu  them  for  tea 
I  fa)  a  compiMiliou  of  30  pitch  and  1  tallow,  and  shape 
r  water ;  when  dry,  plunge  tlicm  in  a  coinpoattion  of 
1  puts  of  pitch  and  rosia,  and  roll  them  in  tow  or  nwdasL 
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In  making  them,  the  hands  of  the  workmen  should  be  corered 
■with  linseed  oil. 

A  link  takes  from  1  lb.  to  IJ  lbs.  of  composition  and  i  lb.  of 
tow.  Two  of  them  are  put  into  a  rampart  grate,  separated  by 
shavings.  They  bum  one  hour  in  calm  weather,  half  an  hour  in 
a  high  wind,  and  are  not  extinguished  by  rain.  Tlie  grates  are 
placed  about  250  feet  apart. 

PrrcHED  Fascines. — Fagots  of  vine  twigs,  or  other  very  com- 
bustible wood,  about  20  inches  long  and  4  inches  in  diameter, 
tied  in  three  places  with  iron  wire,  may  be  treated  in  the  same 
manner  as  Links^  and  used  for  the  same  purpose ;  their  inflam- 
mability is  increased  by  dipping  the  ends  in  melted  fire-stone. 
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CHAPTER    XII. 


FIELD  ARTILLERY. 


Ouoni. — GurUvds  Adulphus  socnu  to  hare  uriginated  the 
1  or  light  artiller>-,  ueiog  vcr^-  email  calibers,  1610  to  ]l>22. 
Frederick  the  Great  improved  the  nviitein,  eiilai^od  thcoalibvr, 
1  iiitrodaccd  horse-artillerv  luto  hig  armies,  1740  to  IT^t). 
M'hcn  first  u*ed  in  the  I-'rcnch  service,  no  syetcm  of  mancEii- 
1  wac  adopted ;  the  artillorr  wan  transported  bj  cuutrarl ;  and, 
I  being  re<juired  only  iu  time  of  war,  no  opportunity 
ided  for  thu  necc«utary  instmction.  The  teamsturs  who 
■ployed,  often  ahaudoiiuti  the  pieces  in  timet  of  danger,  on 
lot  of  which  a  large  niiniUr  of  cannoneer«  were  employed 
■id  provided  with  brteoUt,  to  more  thi;  pieces  on  the  field  of 
s  of  necessity,  a  means  now  seldom  resorted  to. 
ploon,  in  180],  having  crcateil  his  corjis  of  drivers,  field 
mo  ranch  more  perfect,  and  was  mana-urored  with 
B  And  boldness,  cjtjtuciatly  after  the  adoption  of  a  regular 
1  of  instruction  under  Qvn.  Fuy.  Oribeauvnl  introduced 
B  battery  furniation. 

[JDie  taaiKBaven  fint  baaed  upon  the  movements  of  infantry, 
~i|  Oatablishcd  un  the  principles  of  cavalry  drilL 
■•rtillery  has  now  become  an  indisjicnsiiUe  arm 
•i^jnid  it  ts  broogbl  to  sucb  perfection  that  no  troops, 
irer  brare  and  well-disciplined,  can  do  without  St.  XapoUKm 
id,  evtm  beluro  the  many  recent  improvements  wotv  introduced 
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that  no  body  of  infantry  without  the  help  of  artillery  could  inarch 
for  1,000  or  1,200  yards  against  a  battery  of  sixteen  well-placed 
and  well-served  pieces,  without  being  destroyed. 

Artillery  becomes  of  so  much  more  importance  when  placed 
with  raw  and  undisciplined  troops ;  when  the  batteries,  well 
posted  and  served,  will  atone,  in  some  measure,  for  the  deficien- 
cies of  the  rest  of  the  troops.  In  this  case,  the  capacity  of  a  gen- 
eral is  exhibited  by  his  knowing  how  to  place,  upon  the  point  of 
attack,  the  few  good  troops  at  his  disposal,  and  to  protect  the 
others  with  powerful  batteries,  which  the  enemy  would  in  vain 
attempt  to  carry.  But  in  order  to  succeed  with  such  means,  the 
genius  of  the  chief  must  be  capable  of  atoning  for  the  moral  infe- 
riority of  his  troops,  and  his  artillery  possess  a  marked  superior- 
ity over  tliat  of  the  enemy.  Probably  there  never  has  been  a 
battle  fought  in  which  this  fact  was  rendered  more  apparent  than 
it  was  at  Buena  Vista,  where  the  batteries  of  Washington,  Bragg, 
and  Sherman  performed  such  signal  service,  and  atoned  so  well  for 
the  absence  of  a  large  well-disciplined  force.  Artillery  may  be 
also  made  to  supply  the  want  of  a  cavalry  f<.Tce,  as  well  as  to 
arrest  a  charge  of  cavalry,  which  can  produce  but  little  effect 
when  made  under  the  fire  of  well-posted  and  well-served  batteries. 

Wlien  serving  with  troops  of  the  very  best  kind,  artillery, 
although  less  important,  is  an  arm  the  use  of  which  cannot  be 
dispensed  with  in  battles  of  any  size.  Posted  along  the  front  of 
the  line,  it  serves  to  maintain  the  combat ;  to  spare  the  rest  of  the 
troops  ;  to  support  their  movements,  and  to  make  an  opening  for 
them  to  act.  A  portion  of  it,  held  in  reserve,  appearing  at  a  de- 
cisive moment,  produces  by  its  rapid  and  terrible  effect,  the  most 
important  results. 

In  a  flat,  open  country,  with  numerous  roads,  field  artillery  is 
of  the  most  importance,  as  by  its  mobility  and  power  of  concen- 
tration, it  neutralizes  the  importance  and  effect  of  the  fixed  posi- 
tions of  an  enemy,  and  atones  for  the  want  of  them  on  one's  own 
side. 

Its  importance  is  diminished  in  a  broken  or  mountainous  coun- 
trj',  where  war  is  reduced  to  attacks  on  fixed  positions  ;  but  even 
in  this  kind  of  war,  where  infantry  plays  the  most  important  part, 
it  is  still  of  the  greatest  use  in  forcing  difficult  passages,  setting 
fire  to  towns,  and  battering  down  houses  or  other  obstacles. 


USE    OP    ARTILLEET. 


887 


The  principal  a<]raDt&geti  of  the  fire  of  artillery  over  that  of 
bfantry,  are — Uiat  the  striking  of  the  shot  and  bIicII  gives  a 
tmeatis  of  correcting  the  fire,  not  poBBesaed  by  Bmall  anna.  The 
I'duet  thrown  up  by  a  ahot  striking  may  be  t^cn  at  a  difitnnco  of 
Inoro  than  l,OtJ0  yards.  Tliu  moral  effect  duo  to  the  power  of 
(•BrtfUery  is  increiwed  by  tlio  nui»e  of  the  cxplotiioni-.  tt-hich  can  be 
■  Jward  ill  tlio  midat  of  the  int^t  active  firing  of  amall  anus. 

Artillery  is  UBcd  against  troopo,  either  deployed  or  in  B<jttarcs, 
I  by  forming  openings  preparatory  to  a  charge  of  cavalry.  It  ftlso 
LrepnUoiii  the  enemy's  columns  of  attack,  throwing  them  into  dii- 
Jorder. 

Ttie  efficiency  of  the  fire  is,  under  similar  circumstance!,  ia 
nportioo  to  the  caliber ;  and  for  this  reason  «  batter}-  of  IS-pdrs. 
IproducM  greater  cfiect  than  one  of  smallnr  piecce.  The  new  13- 
Ifdr.  being  calculated  to  throw  Hhclla  as  wvll  as  shot,  and  being 
flight  enough  to  pass  over  ordinarily  rough  ground,  has  many 
•dvantitgcs  over  lighter  piocm.  Artillery  tire  is  usoful  only 
witliin  tlio  limits  of  distinct  vision.  The  grcati'st  cannonading 
usually  take*  jiloce  at  from  800  to  itm  yanls. 

I  Artillery  is  of  the  greatest  nso  in  attacking  posts  and  intrcnch- 
menU;  and  n  city  which  wonld  re«i*t  troops  without  artillory, 
ironld  quickly  yield  after  receiving  a  few  tOioI  and  shell. 
Shells  aet  by  pereiiwion  and  explosion  both ;  but  tlie  firing 
wttli  tliero  is  much  le^  accurate  than  solid  iJiot.  The  noise,  how- 
erer,  made  by  them  and  the  fear  of  seeing  them  buret,  add  much 
to  their  moral  effect,  Tliey  act  effectively  aguust  cavaliy  ia 
column  or  in  several  lines,  by  frightening  the  horvcs  and  dcnioral- 

Uing  thu  men. 

SVbatcrcr  be  the  kind  of  pioco  used,  it  is  apparent  th«t  looceu  j 
I  vill  di*pfii>d  upon  the  skill  and  address  exhibited  by  tbc  guniien 
f  In  vbargv  of  il. 

Tim  quantity  of  artillery  attached  to  an  army  is  determined   ' 
I  by  tlie  nature  of  tlie  theatre  of  the  war,  tlio  kind  of  trooi"*,  their 
I  Dumber  relatire  to  tliat  of  the  enemy,  the  character  of  the  war,  1 

I  the  size  of  the  pieeco,  and  their  mobility.     It  varie*  usually  fmin  I 

I I  to  3  pieces  to  1,000  men.    Tlio  latter  number  has  been  adopted  1 
'  1  nnr  surriec,  9  per  IfiiVJ,  for  service  with  the  troopo,  and  the  I 

bird  bold  in  resenrc. 
Ibo  Dnmberofgana  ibotdd  bo  double  that  of  tba  bovibcn;  I 
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and  for  a  defensive  war,  from  ^  to  j  of  the  pieces  slioiild  be 
12-pdr.  guns  and  24  or  32-pdr.  howitzers.  For  an  offensive  war, 
from  T  to  i  only  shonld  be  of  these  calibers,  otherwise  the  bat- 
teries would  not  have  sufficient  mobility. 

As  a  general  rule,  the  number  of  the  artillery  troops  should 
be  about  one  half  that  of  the  cavalry  ;  though,  as  regards  this,  no 
fixed  rule  can  be  laid  down,  since  artillery  frequently  supplies  the 
place  of  cavalry. 

Divided. — ^The  following  is  the  most  recent  division  of  the 
United-States  artillery  into  kinds  according  to  its  duties.  JJeavy 
or  foot  artillery,  is  that  portion  which  takes  charge  of  and  manoen- 
vers  the  siege,  sea-coast,  and  mountain  artillery.  Light  or  field 
artillery,  is  that  portion  which  manoeuvers  field-pieces  with  troops 
in  the  field.  It  is  divided  into  horse-artillery  and  mounted-bat- 
teries. In  horse-artilleryy  the  cannoneers,  of  which  there  are  11 
to  each  piece,  are  mounted  on  horses,  from  which  they  have  to 
dismount  before  attending  on  the  piece,  the  2  extra  men  holding 
the  horses  of  the  rest.  In  the  mounted-batteries,  formerly  called 
foot-artillery,  the  cannoneers  are  on  foot,  and  remain  so  during 
the  manoeuvers  of  the  battery,  except  when  it  is  desired  to  move 
at  a  very  rapid  rate,  when  they  are  mounted  on  the  ammunition- 
boxes. 

The  horse-artillerv  was  orifnnallv  and  is  still  desired  for  ser- 
vice  with  cavalry,  receiving  the  lightest  guns,  which  enables  it 
to  move  at  the  same  rate  as  the  cavalry,  and  to  keep  it  up  for  a 
considerable  time. 

In  time  of  peace,  or  in  the  state' of  preparation  for  war,  a  bat- 
ter}' of  field-artillery  is  to  be  composed  of  4  pieces.  In  time  of 
war,  of  6  or  8.  In  peace,  each  battery  will  have  76  men  and  44 
horses.  In  preparing  for  war,  100  men  and  80  horses ;  and  in 
war,  150  men  and  110  horses.  This  supposes  the  battery  to  be 
formed  of  pieces  of  the  smallest  caliber,  viz.,  6-pdr.  gims  and 
12-pdr.  howitzers.  For  the  new  12-pdr.  or  other  heavy  pieces,  of 
course  these  numbers  would  have  to  be  increased. 

It  is  of  the  first  importance  that  the  fire  of  a  battery  be  deliv- 
ered at  a  good  range  with  calmness  and  intelligence,  those  impet- 
uous exhibitions  of  dashing  bravery  encouraged  in  other  arms 
being  more  out  of  place  in  this.  Tliere  are  some  circumstances, 
however,  where  several  pieces,  well  harnessed,  may  advance  to 
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ntliin  300  yards  of  an  enotiiy,  and  overwliclm  him  with  a  etorra 

t  (irapc  or  canitttvr  thot;   but  tliMe  caees  are  very  rarut  aoil 

iquirc  much  tact  and  n-»olutioii  to  know  liow  to  ]>rofit  Ly  tlicm. 

*  the  moet  brilliant  feata  of  tliia  kind   probably  ever  pur- 

bmicd  on  a  field  of  battle,  occurred  at  tlie  battle  of  Palo  Alto, 

rith  Col.  Dnncan,  who,  by  a  well-timed  morement  of  tuo  pieces 

f  his  battery,  onlimbcred  in  front  of  a  Urge  force  of  Mexicans 

•nipting  to  turn  Iho  left  flank  of  our  line,  and  by  a  rapid  and 

ll-inetained  Are,  drove  them  back  in  eonfnEion. 

Tlie  prinvijial  object  of  artillery  ie,  to  anatain  the  troope  in 

^tack  and  dufetiiie ;  to  facilitate  their  movements  and  oppose  the 

icmy'i! ;  to  destroy  hie  forceB  as  well  m  the  ubstach-s  which  pro- 

Kt  them;  and  to  keep  np  the  combat  until  an  opportunity  is 

ffered  for  a  decisive  blow.     Our  mountc-d  battericfi  have  been  ao 

Duch  perfected  and  increaecd  in  mobility,  tl)at  they  can  move 

tlmoHt  with  ae  niuob  celerity  oa  horee  artillery ;  and  the  latter  has 

»ei)  proctic&lly  abandoned  in  tlio  Vuiled  States.  The  men  lihonld 

B  mounted  on  the  boxcB  only  when  it  is  absolutely  Dcceeeary,  to 

■void  breaking  down  the  hordes.     Tliis  rapid  guit  cannot,  how- 

rvr,  be  kept  up  any  leUffth  of  time,  as  it  can  in  horac  artillery. 

Uonw)  artillery  iis  iu  France,  eoiutidervd  indispcnaably  necca- 

f  for  service  witii  cavalry,  which  having  Vtiit  little  or  no  fire  of 

a  own,  and  acting  dimply  by  the  f>liock  of  ita  char^,  re<juires 

diat  the  enemy  should  be  kept  at  a  distance,  and  first  broken  by 

iie  fire  of  artilleriF'  in  onUr  thut  the  charges  made  may  result  in 

my    practical    good.      Instances    might    be    cited    where    the 

ibMne«  of  iu  co-o[K!raliou  n«ulted  in  inflicting  upon  the  enemy 

oiply  a  fuw  aabre  cuta,  when  ho  ought  to  have  been  annihilated. 

bin  kind  of  artillerj-  ia,  however,  vcrj-  eoatly,  consuming  a  largo 

nmber  of  hornea,  and  should  therefore  be  proportionally  small  in 

[Oantity.     It  should,  however,  be  excellent  in  quality,  bold,  well 

AiBuvred,  oven  renlurcsomc,  appearing  at  and  disappearing 

rem  different  points,  and   multiplying,  as   it  were,  iu  action, 

liich   shonld    bo    short   and   dci'iaive.      In    Franco   the  horto 

illcry  is  nearly  onvsixlh  of  the  artillery  force. 

In  our  HTvice,  but  3  companies  in  each  of  the  i  regitnenta  of 

rtQlcry,  are  autliorizvd  by  law  to  be  eiiuippcd  as  moonled  batle- 

I,  and  of  these  bat  7  companies  are  now  actually  so  equipped. 

bo  romaiuing  41  compftoies  are  equipped  and  serving  as  infantry, 
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much  to  tlieir  detriment  as  an  artillery  force,  and  not  very  much 
to  their  improvement  as  infantry. 

COMPOSmON   OF  BATTERIES. 

Lightest.  Heaviest. 

4  6-pd.  guns.  4  12-pd.  guns. 

2  12  "  howitzers.  2  24  or  32-pd.  howitzers. 

6  caissons.  6  caissons. 

1  forge.  1  forge. 

1  battery-wagon.  1  battery-wagon. 

4  horses  to  each  carriage.       6  horses  to  each  carriage. 

In  batteries  of  only  4  pieces,  it  is  usual  to  have  one  or  two 
howitzers,  and  when  there  are  two,  it  is  well  to  have  them  together. 
But  should  the  number  of  pieces  be  increased  to  8,  and  there  is  a 
probability  of  the  battery  being  divided,  the  howitzers  should  be 
distributed  through  it. 

The  light  12-pd.  field  gun  of  the  new  pattern,  if  adopted 
throughout  the  service,  as  it  is  probable  it  will  be,  will  do  away 
entirely  with  the  use  of  howitzers  in  field  batteries,  the  pieces 
being  amply  supplied  with  shells  and  spherical  case. 

To  avoid  accidents,  only  the  objects  absolutely  necessary  for 
use  are  brought  into  line  during  the  battle,  namely,  the  6  pieces 
and  the  6  caissons.  These  carriages  constitute  what  is  called  the 
battery  of  manoeuvre.  Sometimes,  but  one  caisson  to  every  two 
pieces  is  placed  in  line ;  and  if  possible,  the  whole  of  them  arc 
kept  out  of  fire  by  taking  advantage  of  the  inequalities  of  the 
ground,  &c. 

Tlie  carriages  not  employed,  constitute  the  reserve  battery, 
and  are  kept  out  of  range  during  the  battle. 

The  reserve  furnishes  supplies  of  men,  horses,  ammunition, 
and  material. 

In  the  French  service,  the  two  howitzers  of  a  battery  are  both 
placed  in  the  center  section,  in  order  that  their  fire,  less  accurate 
than  that  of  guns,  may  not  extend  over  a  front  greater  than  that 
embraced  by  the  fire  of  the  whole  battery.  In  our  service,  it  is 
customary  to  place  one  in  each  of  the  wing  sections,  in  order  to 
distribute  the  effect  of  the  shells  as  much  as  possible,  and  have 
the  benefit  of  shell  firing  in  case  it  becomes  necessary  to  detach 
one  of  the  sections. 


SCPPUE3.  S9l 

The  composition  of  the  field  equipage  for  an  army  dcpendB 

Mil  rliu  nnmbur  of  piucea  to  be  t&kvn.    Tlie  butteries  are  pro- 

li>d  with  all  tlie  accf>utremcnt8,  tuniUl  Btnrea,  and  ipare  partB 

tceaaaiy  for  their  service. 

Bi'aides  tbe  carriages  composing  the  batteries,  there  arc  others 

irliich  march  in  the  rear,  and  form  what  are  called  the  parks, 

~}icru  arc  two  kinds  of  thcEc;  tho  nservr  parks  of  dirisions,  or 

B  of  an  armjr,  and  general  or  grand  parks.     These  parks  cou- 

kln    Lho  caissons  for   tho   transportation   of  the   artillery   and 

nfantry  stores,  spare  gun-carri«g(^«,  baltciy  WBgons,  park  wagons, 

nd  forges.    The  caissons  and  fpare  carriage!*  are  drawn  by  only 

I  horses. 

The  snppliea  of  ammunition  are  fixed  by  allowing  400  rounds 
r  each  piece  in  round  numbers  for  a  campaign,  distributed  as 
bDows  :  300  with  each  piece  in  tlic  batteries,  luo  in  the  reserve 
iu-k«  of  diviKions,  nnd  lOO  in  the  general  pork. 

Additional  «npi>1ic«  of  all  ordnance  stores  are  placL>d  in  depots 
mvenient  to  tho  lino  of  oiwrations.    These  include  pieces,  pro- 
ilea,  powder,  gun-carriages,  wagons,  and  all  sort*  of  stores,  and 
)nc«. 
Batteries  derive  all  tltcir  valne  fVom  the  courage  and  skill  of 
tbe  gunners;   from    their  constancy  and   devotion   on   difficalt 
marches;  from  the  (jnickncMi  and  capacity  of  the  officers;  and 
especially  from  tho  good  condition  and  vigor  of  the  teams,  with- 
out which  notliing  can  be  undertaken. 

Marcbu. — As  an  officer  bos  frotjucntly  charge  of  tho  convoys 
if  artillery  and  other  earringui,  he  miut  know  how  to  conduct  thcni 
roperly,  and  keep  every  tiling  in  gi>od  condition.  He  may  be 
iblige<l,  to  provide,  himself,  from  the  means  at  band,  transjKirtation 
■  Ibv  his  supplies.  Tobeabte1odothia,be  should  know  the  amount 
■of  work  a  horse  i*  capaMeof  performing,  according  to  the  condi- 
luD  of  tbe  roods,  the  distance,  and  the  rapidity  with  which  Lo 
t  to  travel 

A  bone  uf  me<lium  strength  con  draw  a  load  at  3,000  lbs.  from 
)  to  23  miles  per  day,  over  a  pavc<l  ruod,  and  about  1,900  Iba. 
irer  a  macadomizud  road.  Ttiiji  {ncludcs  the  weight  of  the  car- 
From  1,S<W  to  1,600  lU.,  not  including  tho  widght  of  tho 
riage,  la  therefora  a  proper  load  for  a  horse  over  ordinary 
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happen  to  be  very  wide.  As  soon  as  a  carriage  becomes  disabled, 
it  should  be  at  once  withdrawn  from  the  column,  repaired  if  pos- 
sible, and  if  not,  its  load  transferred  to  the  neighboring  carriageB, 
leaving  it  to  proceed  empty ;  or  even  abandon  it,  if  in  the  vicinity 
of  an  enemy.  Care  should  be  taken  to  lock  the  wheels  going 
down  hill,  and  chock  them,  at  times,  going  up,  to  allow  the 
horses  time  to  breathe  and  recover  their  strength.  Short  halts  of 
10  minutes  every  hour  must  be  made  for  resting,  and  allowing 
the  rear  carriages  to  come  up. 

Tlie  commander  of  the  convoy,  and  those  of  the  different 
divisions,  stop  frequently  and  allow  their  teams  to  pass  them,  to 
satisfy  themselves  that  everything  is  in  order.  Forage  is  the  only 
tiling  allowed  to  be  placed  on  the  carriages,  and  no  smoking  is 
permitted,  especially  in  the  vicinity  of  the  powder-wagons. 

On  long  and  difficult  marches,  and  during  hot  weather,  a  halt 
of  an  hour  in  the  middle  of  the  day  is  made,  convenient  to  water, 
so  as  to  allow  the  horses  to  drink  and  eat  a  little  forage.  In  an 
onomy's  country,  but  half  of  the  teams  are  unharnessed  at  once, 
for  watering,  in  order  not  to  be  taken  by  surprise. 

With  new  material,  ditches  are  passed  in  a  direction  perpen- 
dicular to  their  length  ;  with  baggage  wagons  and  old  carriages, 
tlicy  must  be  cut  diagonally.  It  is  better  when  practicable,  to 
fill  up  ditches  with  fascines  and  straw,  to  avoid  upsetting  the 
carriages.  Common  agricultural  carts,  with  the  wheels  removed, 
make  very  good  bridges  by  which  to  cross  ditches. 

To  ascend  very  steep  hills,  the  column  is  halted,  and  the  teams 
of  the  front  half  of  the  convoy  doubled.  Tlicse  carriages  are 
halted  at  the  top  of  the  hill,  and  the  others  brought  up  in  the 
same  way.    The  whole  resume  the  march  after  a  short  haJt. 

Difficult  fords  are  passed  in  the  same  way,  except  that  the 
drivers  remain  on  their  horses  instead  of  dismounting,  as  in  the 
other  case.  If  the  wheels  become  embedded  in  the  sand,  they 
are  disengaged  by  applying  men  to  them.  The  teams  are  not 
allowed  to  stop  to  drink. 

In  very  steep  descents,  covered  with  snow  and  ice,  simply 
locking  the  wheels  is  frequently  not  sufficient.  Tlie  horses  should 
be  rough-shod ;  and  where  tlie  ice  covers  the  ground  in  the  most 
difficult  parts,  it  should  be  cleared  away  by  the  workmen.    It  is 
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/  to  niilmrneeft  ft  part  of  the  teamo,  «n<1  p\ave 
a  ionar  of  the  carriage«,  to  hold  back  and  prevent  tlicui  from 
Dining  down  too  rapidly. 
In  night  marc}ie(i,  it  ia  necoseary  to  watch  the  drivers  sttent- 
',  and  HOC  that  they  do  not  fall  asleep  on  their  horsos.     At 
V  halt,  tlie  harness  is  inspeeted  to  eou  that  it  it  not  tangled, 
4iich  can  bo  ucertainod  hy  stretching  the  trace*. 
Tlio  usual  manner  of  marching,  i«  in  column  of  piMC«,  each 
c  followed  hy  its  caisson,  and  tlic   other  cnrriagc*  at  tho  end 
'  the  tmln.    In  the  vicinity  of  the  enemy,  the  latter  arc  kept 
ick  some  distance,  and  the  battery  is  re<]u<;ed  to  12  carriage*,  6 
piec«a  and  6  caissons,  which  then  occupy  a  length  of  about  190 
yards  for  the  heavy  batteries  harnessed  with  six  horses,  and  for 
■  light  ones  hamossod  with  4,  abont  133  yards. 

Artillery  should  never  march  dirL-ctly  at  the  head  or  tail  of  a 
I,  but  should  always  have  at  least  ft  hattaliun  of  infantry, 
t  two  squadrons  of  cavalry,  in  front  and  in  rear  of  it,  in  order 
ttt  in  case  of  necessity  it  may  have  time  to  form  in  batUry. 

When  a  convoy  composed  of  artillery  carriages  is  obliged  to 
fcter  a  very  narrow  defile,  the  column  should  he  followed  hy  an 
I  limber,  so  that  if  obliged  to  retreat,  each  limber  and  rear 
[i  could  be  turned  separately  un  its  own  ground,  and  the  retro- 
tdc  movement  performed ;    which  could  not  he  done  with 
dtnary  wagons. 
Uursea  should  not  he  allowed  to  fall  in  hamoes,  from  fatigne, 
'before  tlit-y  ore  rvplaced.     The  near  hor»o  becomes  Itnxi.  usually, 
sooner  titan  the  other,  and  should  be  ipuciolly  looked  af^er  and 
r«{>lan>d  when  he  begins  to  exhibit  signs  of  fatigue. 
~       IIuTMs  should  not  be  worked  immediately  afler  eating,  espe- 
illy  if  they  have  to  travel  at  a  rapid  gait.    Hiey  sliould  never 
B  watered  when  heated,  unless  the  march  is  to  he  immodiatdy 
mmed.     If  titey  are  walen.«l  from  well*,  the  water  aliould  bo 
imwn  beforeliand,  and  agitated  so  a*  to  take  the  tcm]>eratiire  of 
',  or  mixed  with  a  little  bran  to  render  it  leu  injurious. 
A  bone  in  bomees,  properly  cared  for  and  well  fed,  cannot 
^vel  more  than  3S  or  4(>  miles  a  day,  and  nut  this  distance  for 
wkj  great  length  of  time. 

When  regnlor  forage  luu  not  bem  distributed,  or  cannot  tw 
obtatBod  along  the  roate,  and  the  hor*e«  ore  obliged  to  subsist  dd 
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green  forage,  the  ration  should  be  80  lbs.  per  horse.  Vegetables, 
Bucli  as  turnips,  carrots,  and  beets,  are  very  nourisluDg,  and  do 
not  debilitate  the  horses  too  much.  K  obliged  to  use  the  cereals, 
but  few  of  the  heads  of  wheat,  and  none  of  those  of  barley  or  lye 
should  be  given  to  the  horses.  Lucem,  clover,  and  grass,  are 
very  heating,  and  should  be  given  with  judgment,  otherwise,  they 
ruin  the  horses  by  foundering  them.  "With  such  food,  the  same 
amount  of  work  cannot  be  expected  from  horses,  as  when  they  are 
properly  fed,  especially  when  in  addition  they  are  exposed  to  all 
kinds  of  weather  in  the  bivouac. 

The  shoulders  of  the  horses  and  all  other  parts  in  contact  with 
the  collars,  should  be  frequently  rubbed  with  wisps  of  straw,  to 
restore  the  circulation  of  the  blood.  K  the  parts  begin  to  swell, 
the  horse's  position  in  the  team  is  changed.  If  time  permits,  the 
packing  of  tlie  collar  may  be  modified  so  as  to  change  the  points 
of  contact.  Without  these  precautions,  the  horses  would  com- 
mence to  gall  after  seven  or  eight  days  of  marching. 

On  arriving  in  camp,  the  teams  are  unhitched,  the  girths  and 
breast-straps  are  loosened,  and  cruppers  taken  off.  If  the  horses 
are  very  warm,  straw  should  be  placed  under  the  blankets  and 
the  horses  rubbed  down.  If  they  are  covered  with  dust,  sponge 
out  their  eyes,  noses,  mouths,  fundaments  and  sheaths.  In  summer, 
when  the  roads  are  muddy,  their  legs  should  be  washed  and  after- 
wards rubbed  down  with  straw.  When  they  are  cool,  unsaddle 
them,  rub  their  backs  dry,  and  examine  them  with  care.  Inspect 
the  shoes  closely  every  day.  Horses  sometimes  refuse  to  eat,  on 
account  of  thirst.  Tliey  should  be  watered  as  soon  as  possible, 
which,  in  hot  weather,  is  about  an  hour  after  reaching  camp. 

AVlien  the  marches  are  long,  shorten  the  time  for  grooming,  or 
even  dispense  with  it  in  the  morning  altogether,  to  allow  the 
horses  rest.  If  they  sweat  much,  use  wisps  of  straw  princi- 
pally in  grooming  them.  In  muddy  weather,  more  time  should 
be  spent  on  the  legs.  (Tlie  tails  should  be  tied  up.)  In  dry  and 
dusty  weather,  use  the  sponge  and  comb  more  freely.  Eiver 
bathing  should  be  frequently  used,  when  the  temperature  permits, 
imless  the  horse's  hoofs  are  inclined  to  peel  off,  in  which  case  they 
should  be  well  greased. 

Mountain  Artilleey. — With  mountain  artillery,  each  mule 
should  be  followed  by  a  cannoneer,  to  observe  the  motion  of  the 
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1,  etfieciallj'  in  ascending  and  dcBcending  slopee,  and  correct  its 
Mition  if  neccfisar}-.  Tbc  eoddlea  should  not  be  taken  oh'  nntit 
9  Iioura  after  baiting.  Inspect  tbo  nmlM;  apjily  remodiea  for 
y  bniiMss  ;  obsor^'u  tlic  dffccls  of  tho  saddltv,  oitd  niodifjr  the 
idding  if  necessary.  Dry  tbc  pack-saddttM  in  tho  sun,  and  wben 
,  bent  tbe  padding  lightly  witli  a  Hticlc.  The  jiadding  ibould 
B  re-made  every  tlireo  or  four  months,  and  the  upper  part  rc- 
1  when  a  aaddle  in  changed  from  one  mule  to  another.  The 
iddle  is  carried  by  taking  hold  of  the  arcs  of  tbe  tree,  in  order 
tot  to  derange  the  padding.  'NVhcn  tho  moleit  are  heated  and 
topped  in  hot,  wet  weather,  they  ebould  be  sheltered  aa  much 
H  pti«[b1c  by  covering  them  with  cloths,  sacks,  &c. 

If  a  mole  falU,  be  ia  kept  down  by  holding  hia  head  close  to 

|ho  ground^  until  he  ran  be  n^Ueved  of  his  load.     In  halts  long 

uingh  to  relieve  tho  mnlcs,  the  girths  abunld  be  loosened,  and 

[hicncd  again  before  starting,  care  being  taken  to  adjnst  the 

lotha.     Wbcn  a  piece  or  cnrriagit  nmit  is  wounded,  or 

li  the  vicinity  of  an  enemy,  tbe  pieoei  should  be  drawn 

Cearrie<l.     A  cannoneer  then  attends  each  piece,  bohUng 

f  a'raainier-Btair  which  is  run  into  the  muule,  which  enables 

him  to  give  afiaialance  in  paeaing  over  rough  places,  and  prevents 

tho  carriage  from  upactting.   Tbc  staff  should  he  withdrawn  when 

oroMing  narrow  ditehca.  to  avoid  brt'aking  the  handle.    In  case 

of  a  sudden  attnck,  when  the  material  is  carried,  a  mionta  la 

•oSdent,  with  wcll-drilli'd  cannoiiecro,  to  unload,  place  in  battorr, 

Dd  firo  one  round.    TIio  whci'ls  should  be  gn>a*cd  at  least  onco 

try  two  days,  and  the  carriages  sbould   be  drawn  as  little  aa 

ksible  during  night  marches. 

FoRAUK. — Common  wngona  should  be  made  use  of  aa  much  aj 

sible  to  transport  forage.      A  few  horses  can  easily  transport 

nugb  forage  fur  a  large  niimbL-r.     y(ilh  indifferent  wagons  and 

Psr  bad  roads,  4  horses  can  draw  the  rations  of  40  for  '24  hours. 

B  ratiun  is  14  Iba.  of  bay  and  12  ll>s.  of  oata,  barley,  or  corn. 

AMicrBTTioM. — At  tbo  baiting  plaeca,  the  caisMius  should,  if 

B  Ea  time,  tw  opcnc<l,  to  sou  if  the  loads  arv  in  good  condition. 

II  neccMary  repairs  to  tho  carriage*  and  bamcM  should  be  mado 

I'tho  puue  time.    Tlie  axlotrec  should  be  greased  every  five  daya. 

'  If  p«iwder  is  carried  in  any  of  tbe  wagons,  and  especially  if 

I  barrels  or  caissons  leak,  qirery  precaution  should  be  taken  to 
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avoid  accidents.  For  this  purpose  pavements  should  be  avoided, 
passing  through  towns,  and  the  carriages  kept  40  or  60  paces 
apart.  No  fires  should  be  allowed  in  the  vicinity,  and  tf  the 
weather  is  hot  and  dry,  the  wheels  will  be  occasionally  wet  witii 
water. 

Parkino. — ^The  columns  of  artillery  or  batteries  are  parked 
within  reach  of  the  troops,  and  at  least  100  yards  from  any  houses. 
The  carriages  are  placed  4  yds.  from  axis  to  axis,  the  pieces  in  the 
first  line,  their  caissons  in  the  second.  The  reserve  caissons,  forges, 
and  battery-wagons  in  the  third  and  fourth.  The  distance  between 
the  lines  is  about  16  yards.  If  the  forges  are  to  be  used,  they 
should  be  placed  at  least  100  yards  to  the  leeward  of  the  bat- 
tery, to  avoid  accident.  Tliis  rule  also  applies  to  the  camp- 
fires. 

The  number  of  sentinels  to  be  posted  over  a  park  depends 
upon  the  number  of  carriages.  A  battery  requires  at  least  two, 
and  during  the  night  these  are  doubled.  No  one  is  allowed  to 
enter  the  park  without  permission. 

The  position  of  the  bivouacs  will  depend  on  the  locality.  The 
fires  should  be  to  the  leeward  of  the  battery  ;  the  ground  easy  of 
access  and  within  reach  of  water  and  forage ;  a  dry  and  sheltered 
position  should  be  chosen  for  the  horses.  The  camp  being  estab- 
lished, a  portion  of  the  liorses  should  be  sent  on  a  foraging  party, 
tlio  rest  imharnesscd  as  heretofore  directed,  placed  under  shelter, 
when  it  is  possible  without  compromising  the  safety  of  the  park, 
and  well  groomed.  Batteries,  when  forming  a  part  of  a  line  of 
battle,  are  encamped  or  bivouacked  upon  the  same  line  with  the 
rest  of  the  troops. 

Marchixg. — Before  starting  on  the  march,  the  commandant  of 
a  convoy  should  prescribe  to  all  portions  of  his  command  what  is  to 
be  done  in  case  of  an  attack.  He  should  procure  all  the  informa- 
tion possible  in  regard  to  the  country  he  has  to  pass  through  ;  the 
obstacles  which  may  interrupt  his  march ;  the  number  and  condi- 
tion of  the  roads  which  lead  to  his  destination,  and  the  probability 
of  meeting  tlio  enemy.  If  necessary,  he  takes,  forcibly  or  other- 
wise, one  or  several  guides,  and  from  the  information  he  collects, 
distributes  his  force  in  the  advance-guard,  the  escort,  and  the  rear- 
guard. The  advance-guard,  the  head  of  which  is  formed  of  cav- 
ahy,  precedes  at  a  considerable  distance  the  head  of  the  column. 


to 
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Xt  reconnoitre!  the  oanntry,  ocoupica  tlie  dcfil(>s,  coromanicatee 
witli  tlie  coramatidant  of  tic  com-oy  by  itiKiuw  of  nioiintt^  men 
dUtrihuted  along  tlie  route,  repairs  tlio  roadv,  und  M-arclics  tho 
v&llvys  and  otbcr  positions.  Tbe  escort  innrchcs  on  tbc  flunk,  on 
tlie  enemy's  side.    The  ruiir-gimrd  brings  np  the  rear. 

Tlitf  carringuA  should  march  tm  close  togetlier  a»  possiblo,  and 
in  two  filtw  if  the  road  permits  it  Pieces  may,  according  to  tlio 
imporlancc  of  the  convoy,  he  placed  in  the  front,  in  rear,  or  on 
tlic  jlaiilcii,  or  be  given  to  the  atlvance-guard,  if  it  is  large  enough 
to  dorire  any  advantage  from  them. 

In  cn&c  of  attack  by  light  cavalry,  the  column  is  formed  in 
two  files,  a  convenient  distance  apart,  and  tJic  front  and  rear 
closed,  either  witli  two  pieces  or  with  platoons  of  infantry.  Thus 
formed,  the  march  is  continued,  taking  care  (o  keep  the  carriages 
well  cIiimmI  np :  and  in  catc  the  enemy  exposes  himself,  he  is  routed 
liy  a  fire  delivered  at  dhort  range.  But  if  he  has  infantry,  and 
the  attack  becomes  serious,  the  artillery  ehonld  be  placed  in  posi- 
tion for  acting,  tlie  escort  formed  in  line,  and  the  enemy  kept  at 
a  distance,  whilst  the  convoy  continues  its  march.  If  clotwly 
preaseil,  and  there  is  ho[>e  of  oaeistance,  the  carriages  are  placed 
in  screral  ranks,  and  a  sfiuare  formed  by  facing  the  hordes 
inwards,  in  order  to  protect  them  hotter,  and  prevent  them  from 
being  Gtam]>cded.  Kctwarse  should  be  hud  to  this  means  only  in 
tlitt  last  extrtrmity,  as  it  i^  much  better  to  continue  the  march 
towards  tlie  ]>uint  of  destination  than  to  halt,  wliu«by  time  u 
lost  and  the  command  weakened.  When  the  5<]nare  lias  to  be 
irmed,  care  uiast  ho  taken  (o  avoid  being  surjirised  and  orcr^ 
vhelmcd  by  tho  enemy  before  the  carnages  get  into  poaition. 
An  adrantagoons  position  should  bo  chosen,  where  rtrsistance 
would  ha<re  to  b«  oflered  only  at  a  few  points.  The  driven  all 
loant.  Pieces  tn  haOfry  ar\)  placed  at  the  angles,  the  caissons 
powder-wagons  being  in  the  interior  of  the  stjuare,  and  the 

irt  delivers  its  fire  from  behind  the  outside  carriagca. 

if  tbe  convoy  contains  nothing  but  powder,  the  escort  must 
ctfircr  it  by  forming  a  distance  in  front  sufflcicnt  to  pruteot 
illciir  from  explosions.  Tills  rwiuiru*  that  tlie  cccort  of  such  ft 
tMAToy  be  larger  than  that  for  an  ordinary'  one. 

If  obliged  to  yield  to  superior  force*,  a  vlgt.irout  restctanev 
should  be  made,  whilst  prepsving  to  abandon  a  part  of  the  eaaraj. 
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aad  carry  off  the  remainder  with  as  many  horses  as 
Tba  portion  abandoned  should  be  first  as  mnah    d 
circtimstanccB  will  permit. 

When  the  convoy  is  parked,  a  chain  of  posts  u 
nround  it  in  bhcIi  a  way  ae  to  protect  it  from  snrpriw,  um 
support  to  each  other  in  case  of  attack.     Tlie  pointB  "  i 
if  necessary,  be  strengthened  by  cutting  ditches,  sm 
tlie  roads  and  pathways  leading  to  tbo  park,  witli  a  < 
treee,  &c.    The  commnDdant  with  t]ie«scort  take*  u  c^utral  {Mic- 
tion, ur  leaves  a  detachment  there  in  case  no  scriuiu  attack  ii 
untieipated. 

T-AcncB. — A  battery  going  into  line  with  other  troopt.  h 
usually  formed  in  column  of  sections,  and  deployed  intu  Hue  m 
the  enemy  is  approached.  Under  ordinary  circa mstanci!*  titt 
best  formation  is  the  column  doubled  on  tho  center  section,  aa  tfa 
deploy  is  then  toward  both  wings  at  the  eamo  time,  aud  laon 
promptly  performed.  Unless  in  extreme  cakvs,  tha  c-antioocat 
should  never  be  mounted  on  the  boxes  when  tho  battery  is  witliia 
range  of  the  enemy,  as  the  explosion  of  a  caiMOtt  niiglit  (Jvatnj 
nearly  every  cannoneer  belonging  to  a  piece. 

When  several  batteries  are  united,  they  are  formed  bj  aeetkas 
in  one  or  several  parallel  coluinua,  or  in  double  columns  na  l&i 
centre,  or  still  better,  in  two  columns  joiuctl,  and  preflentitlff  s 
front  of  four  pieces  with  the  sumo  intervals  as  in  line.  SometUBes 
they  are  formed  in  close  eolunui  with  a  front  of  four  or  six  pieoa^ 
aud  the  batteries  being  spaced  a  distance  apan  vqiial  l«>  the  tntv- 
val  between  two  pieces.  When  deployed,  tlie  distance  bctyw 
the  batteries  is  double  this. 

When  horse-artillery  and  mouoteii  hattorica  are  placed  to- 
gether, the  former  are  pUced  on  the  wings,  and  tliv  distance*  and 
intervals  of  the  whole  conform  to  tliose  of  lir>rM- nrlillcrr:  as  in 
mameuvring,  no  regard  is  jiaid  to  inversi  i 
pens  tltat  tho  batteries  change  their  •■siativ- 
then  necessary  tliat  each  space  should  ho  huL 
a  horse-artillory  battery,  ' 

A  close  column  of  several  hatluriM  is  dvplovL-d  in  tbo  aanie 
monuur  as  a  column  of  cavalry ;  die  leading  battery  inov 
an  increased  gait,  ftD<i  the  utlior*,  obliquing  lo  tliv  right  or  \i 
their  intervals  and  form  in  line  or  b^ltenr  to  the  front 


TACTICS.  Wl 

I  The  ohuiges  of  front  to  fire  to  the  riglit  luid  left,  are  made  on 
B  wingH  in  the  name  maoner  as  vith  s  Hingle  battery ;  but  it  ia 
lor  to  make  tlicee  cliangos  on  the  center  battery.     Itnt  four  of 

0  cliat)^<.-ii  arc  jiracticablc,  vjj!,,  two  to  lire  to  the  right  by 
powing  thu  luft  wing  to  thu  front  or  rear,  and  two  to  fire  to  the 
i  by  throwing  tlie  light  wing  to  thu  front  or  rear.     In  the  other 

r  changes  uf  front,  tiiu  pivot  jiiccm  woiJd  he  inaiki-d  by  tlio 
I  of  tho  carriages,  and  could  not  (loniiiieucu  tlivir  firu  mhiq 
nigh.  On  this  account  the  pivot  carriage*  in  those  changes 
nid  be  ou  the  side  towards  whiuh  the  fire  is  to  be  delivered. 

L  In  defensive  battles,  the  contour  of  the  ground  ie  of  tlie  first 
lortancc,  and  if  [iropcrlj-  taken  advantage  of,  may  be  made  to 

nble  the  forco  and  imjiortiuiee  of  artillery. 

k  Artillery  cannot  di-fund  itself  wlien  hard  prened,  and  shoald 

prays  be  sustained  by  either  infantry  or  cavalry.  Tlte  proposi- 
,  made  to  ami  tiie  cannoneers  with  Kinall  arms,  such  ai 
Dlvera,  sliort    rides,   &c.,   i»  calculated   to   do   more    harm 

1  good.  Tliey  should  be  taught  to  look  upon  their  piece* 
llicir  proper  arm  of  defense,  to  be  abandoned  only  at  tlic  very 
t  moment.     The  fate  of  many  a  battle  has  turned  upon  tho  de- 

f  ot  a  few  rounds  of  grajw  or  canister  at  short  range  n|toa 

ladvanciug  column  ;  and  if  they  have  the  nii-ans,  how  natnral 

1  to  rt^urt  to  them  fur  pemonHl  safety  in  time  of  extreme 

bger,  forgetting  for  iJie  uiomcnt  Umt  the  fate  of  tlie  M-Iiole 

tay  may  be  imperiled  whilst  they  are  defending  thenuelvei 

y  I     Let  tlio  riflcM,  therefore,  he  given  to  the  infantry,  and  the 

I  and  revolvers   to  tho  cavalry ;  guard   the  artillery  with 

a  ums,  and  teach  t^em  lliat  their  salvation  is  in  itickitig  to 

r  piece*. 

In  »  flat,  oi>en  country,  artillery  ia  best  eutaioed  by  eaTalty, 
li  U  placed  on  the  wings  ready  to  charge  the  enemy  in  flank 
e  he  can  get  tlirough  the  line  of  pioccs.  With  very  largo 
•  it  is  often  ntfcvssary  to  place  llio  supgxirting  forco  in  tb« 
Ir,  where  Uiey  should  take  every  advantage  of  tlie  formation  of 
band,  to  protect  theinsclrtw  from  tlie  enemy's  fire,  tn  a  broken 
intry,  artilUry  ia  more  pntperly  defended  by  infantry.  Il  ia 
ned  in  squares  on  the  flanks  and  in  rear  of  the  centers  of  tli« 
I,  ao  aa  to  bo  able  to  move  forward  when  necessary  to  meat 
I  enemy.    Infantry  mardiing  at  a  double  quick,  require*  S 
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minutes  to  pass  over  a  distance  of  200  yards,  and  cavalry  at  a 
gallop  passes  over  the  same  space  in  ^  minute.  From  these  data 
the  supporting  troops  are  arranged  so  that  they  may  reach  the 
enemy  before  he  arrives  at  the  line  of  pieces,  as  tlie  greatest  dis- 
order results  should  he  succeed  in  forcing  his  way  through  the 
batterj\ 

Batteries  are  usually  placed  at  least  60  yards  in  front  of  the 
intervals  between  regiments  and  brigades,  and  upon  their  flanks, 
so  as  not  to  offer  two  marks  for  the  fire  of  the  enemy,  or  subject 
the  troops  placed  in  rear  to  a  fire  directed  against  the  artilleiT. 
Wlien  the  troops  form  in  squares,  the  caissons  are  placed  on  the 
interior,  and  the  pieces  at  the  angles ;  and  if  the  squares  flank 
each  other,  the  batteries  may  be  placed  on  the  dead  ground  on 
the  prolongation  of  the  diagonals. 

Tlie  pieces  may  be  fired  in  retreat,  when  the  ground  is  suffi- 
ciently smooth,  by  using  the  prolonge,  by  which  means  the  men 
may  be  moimted  on  the  boxes  immediately  after  firing,  and  the 
piece  has  simply  to  halt  in  order  to  open  fire  again,  tlms  saving  all 
the  time  necessary  for  limbering  up,  unlimbering,  and  coming 
into  battery  again  ;  but,  everything  considered,  it  may  be  ques- 
tioned whether  this  method  of  retreating  (undoubtedly  preferable 
to  any  other  in  maneuvering  with  the  old  heavy  carriages,  so  dif- 
ficult to  limber  and  unlimber)  is  to  be  preferred  to  the  ordinary 
one,  now  that  the  carriage  and  means  of  connecting  it  with  the 
limber  have  been  so  imj)roved.  Eetreating  with  the  prolonge, 
should  it  bo  necessary  to  make  a  hasty  retreat,  the  operation 
would  be  much  delayed  securing  the  prolonge  and  limbering 
up. 

Tlie  commander  of  a  batterj'  should  be  acquainted  with  the 
movements  which  the  troops  are  to  perform,  in  order  to  be  able 
to  support  them  in  case  the  orders  of  the  general  should  not 
immediately  reach  him. 

If  the  positions  of  the  batteries  are  not  definitely  fixed,  every 
circumstance  capable  of  rendering  their  fire  more  effective  and 
of  protecting  them  from  the  enemy's,  should  be  taken  advantage 
of.  For  this  purpose,  the  battery  commanders,  or  several  com- 
missioned and  non-commissioned  officers,  should  reconnoitre  with 
a  view  of  giving  each  piece  the  most  advantageous  position. 

Advantage  is  taken  of  the  inequalities  in  the  ground  to  pro- 
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t  Uie  piecoa  and  caiseons,  witbout  regard  to  ali^mcnt  or  dia- 
A  rise  of  from  2  to  21  foct  in  front  of  a  pioec,  sometimes 
MvcU  it  entirvly  from  the  cnvmy's  tire.  Tlic  ground  in  front 
r  a  l»ati«ry  sliotild  bu  clear  and  dcetltnte  of  lia&lies  or  doprca- 
witliin  rifle  r^nge,  t^>  idicltt-r  Uie  cnemv'a  Bkirmiiilieni.  Tlie 
^ronchea  to  the  position  hHouM  bo  minutely  inspected,  in  order 
ft  know  how  properly  to  conduct  an  advance  or  defend  a  retreat. 
I  nndnlatiog  surface  in  verr  advantageous,  aa  tlie  ebot  which 
Lkv  the  miinmil  will  gem^rany  ricocbct  over  the  battery;  and 
)  tlio  duiit  raised  by  them  cannot  bo  seen  by  the  enemy,  bo  Is 
t  to  imagine  lio  ift  firing  too  high,  and  that  Iomm  many  sliots 
letiring  for  the  range. 

Attack. — Artillery  should  not  be  placed  on  rocky  soil,  in  eon- 
[oenf'e  of  the  splinters  formed  by  the  enemy's  shot ;  nor,  in  the 
insirc,  should  it  bo  placed  on  slippery  or  marsliy  ground,  nor 
I  gniund  intersected  witb  hedges  or  ditches,  which  would 
terfen*  with  its  maneuvering.  8cveral  battericv  should  be  so 
i;d  as  to  converge  tJittlr  tire  U[)on  the  point  of  attack,  whilst 
»  check  the  trwoi»s  opposi-d  to  tiicm.  Reserve  batterlM  are 
1  on  distant  points  (usually  heights)  to  support  the  tiauks  of 
t  attack. 

I)Knuf«t:. — On  the  defunsive,  broken  ground  is  sought  for,  to 
|»ur  the  front  and  flank«  ajjd  kwp  llie  enemy  for  a  hmger  time 
ider  the  fire  of  the  battery.  1'hc  largest  pieces  and  batteries  of 
^itiori  are  placed  at  the  jHiints  where  the  enemy  will  probably 
Jtc  his  chief  attempts.  HalU'riea,  instead  of  Vieing  placed 
jrtly  in  front  of  the  objoe^s  to  be  fired  at,  should  bo  e.'>tablifihcd 
kli<]uely  so  as  to  take  the  enemy's  lino  or  artillery  slantingly, 
Kreby  prodneing  gn-atcr  damage. 

A  butt<!ry  slionld  nut  be  cstablislic<l  on  a  height  the  foot  of 

9iich  it  cannot  coitmiand,  otherwise  plwes  have  to  bo  placed 

f-way  down,  in  order  to    prevent  the  enemy  from  forming 

I  in  force  for  the  purpose  of  storming  the  position.     It  is 

netimes  advantageous  to  withdraw  to  a  greater  distance,  in 

•  to  avoid  too  plunging  a  fire.     A  woll-practierd  eye  may 

3  discover  a  {tositiou  where  tho  fire  berome*  grazing ;  but  of 

nrsc  EDcb  selevtlonHoan  MilJoni  be  made,  in  cii>nw(|oenvc  of  other 

nlmllitig  considerations. 

Firing  from  abovn  to  bolow  is  not  very  acoaralo  at  otxlinaiy 
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distances.  At  great  distances,  the  range  is  increased.  The  most 
advantageous  command  is  i-^^  of  the  distance,  which  gives  a 
grazing  fire  and  numerous  ricochets.  These  positioiiB  should  be 
sought  after,  and  tliose  avoided  which  give  a  command  of  more 
than  yjy. 

Firing. — ^The  pieces  should  fire  slowly  at  distances  beyond  600 
or  TOO  yards,  in  order  to  render  their  shots  certain.  They  cease 
firing  beyond  1,000  or  1,200  yards ;  otherwise  the  enemy,  expe- 
riencing no  damage  from  the  shot,  gains  confidence,  and  advances 
with  more  boldness.  Within  600  yards,  the  firing  should  be 
rapid,  as  it  is  then  very  sure,  but  it  is  only  at  the  decisive  mo- 
ment that  the  rapidity  is  increased  to  its  greatest  limit.  By 
wasting  the  ammunition,  the  supply  destined  for  a  whole  cam- 
paign may  be  expended  in  a  few  hours'  firing,  preliminary  to  a 
battle. 

Generally,  the  rate  of  firing  should  be  much  less  than  one 
shot  per  minute ;  for  the  whole  supply  of  a  six-pounder  being 
about  400  shots,  if  the  firing  was  at  the  rate  of  one  per  minute, 
the  whole  provision  for  a  campaign  would  be  consumed  in  about 
seven  hours. 

The  firing  should  rather  be  too  low  than  too  high,  in  order  to 
take  advantage  of  the  ricochets,  and,  besides,  a  ball  which  rico- 
chets in  front  of  a  line  produces  a  greater  moral  efifect  than  one 
which  passes  directly  through  it.  Volleys  should  not  be  fired, 
especially  with  small  batteries,  as  the  enemy  is  enabled  to  take 
advantage  of  the  intervals  between  them,  to  charge.  In  changing 
position,  advantage  is  taken  of  obstacles  and  favorable  ground,  to 
deceive  the  enemy  as  to  the  number  of  batteries  he  has  opposed 
to  him.  An  habitual  slowness  in  firing  renders  this  manceuver 
very  easy. 

In  a  combat  with  an  enemy's  artillery,  the  pieces  should  be 
separated,  and  given  if  possible  a  position  more  direct  than  usual, 
to  diminish  the  chances  of  being  struck.  In  general,  the  distance 
between  the  pieces  should  be  a  little  greater  than  the  maximum 
deviation  of  the  fire,  in  order  that  the  enemy,  in  firing  upon  one 
piece,  may  not  strike  the  next  one  to  it.  The  fire  of  two  or  three 
pieces  ought  to  be  directed  on  a  single  one  of  the  opposite  bat- 
tery, to  try  to  take  it  in  flank,  or  obliquely,  in  order  to  dismount 
it.     If  possible,  fire  should  be  opened  on  the  enemy's  artillery 


■pit  OS  lie  is  bringing  liia  pieces  aroand  to  form  into  baltanr.  ThU 

Ikinct  nf  a  cont^t  slkuuld,  however,  be  avoided  as  ranch  ua  posuble, 

and  tbo  pieces  Sred  agaiost  the  troope,  particularl,v  if  they  are 

iu  d«!p  coluiuns,  in  order  to  retard  tlicir  movcmetit*  and  throw 

.tfaein  into  disorder. 

m  Au  oblitjue  fire  should  be  obtained  on  the  line,  and  ncoDTerg- 
Big  fire  directed  to  a  &iiigle  jKiint,  in  order  to  make  a  sensible 
Break,  tlm  moral  effect  protluced  h}'  such  a  result  being  still  more 
Brriblc  tlian  the  physical.  Cannonade  incessantly  the  enemy 
Brbilst  deploying  his  columns,  no  matter  how  t<:rrit>lu  Llic  fire  of 
Bda  gntis.  If  his  calibers  arc  the  largwt,  shorten  tlie  distance  as 
■BQch  a*  possible,  keeping  beyond  range  of  grnpe-tthot.  In  this 
Bny<  the  enemy,  as  he  finsit  witliin  point-blank  ranges,  loses  a  part 
Hf  his  advantage. 

B  pEojrarnLES. — ^The  kind  of  projectile  to  he  nscd,  will  depend 
^feon  circunistanc4.-8.  Shut  anil  bIicII  shonld  be  fired  against 
^hooiis  taken  in  flank  or  obliquiiy,  against  deep  columns,  and 
Bpunat  artillery.  The  hurixontal  fire  slioiitd  be  used  against 
BN>o]is  advancing  in  maHH  to  force  a  bridge  or  defile,  or  marehing 
Brer  wry  smooth  groimd.  Shot  lind  better  be  used  against  in- 
fbttry,  and  slielU  and  schrapnell  against  cavalry,  as  this  latter 
^Dm  presents  the  liighcst  raark,  and  enables  the  pieces  of  tho 
Barsting  shcllA  to  do  more  execution.  Horcoror,  the  noise  of  th« 
BBi>l<i<iiuns  frightens  tho  horees  and  demoralizes  tlie  men.  Against 
Boui>cs  oivupied  by  the  enemy,  or  troops  eovereil  by  tiie  undula- 
■Hons  of  tlie  gniundt,  shells  are  used  also.  A  charge,  when  within 
■hort  range,  may  be  received  by  tiring  from  each  pii^c  a  solid 
||K>t  on  top  of  which  is  place<l  a  round  of  canister  or  grape.  The 
■king  is  then  as  rapid  as  possible,  sponging  may  bo  di^>cn»od 
nrith,  and  as  the  enemy  approaches  nearer,  grnpc  and  canistBT 
BMonc  are  used,  joiinting  very  low  al  very  short  rangm,  su  tltat 
^peso  projectiles  may  Heooliet  and  waiter  more.  Orajio  or  cauia- 
Kr  shMiiM  not  be  lireil  at  diiitam-cs  greater  than  TOO  or  6O0  yards. 
BJBbrapnell  sliould  be  used  againi^t  tri>ops  deployed,  or  in  column, 
By  division  or  by  fjuadron.  Schrapnell  and  slielts  produce  a 
B^<>t<'*f  niorml  rflect,  generally,  than  grajie  or  canister. 
B  Tfio  batt<>ric«  shonid  lire  up  to  the  last  moment,  if  it  is  nece»- 
^pry  for  the  iirotvction  of  the  troojts.  lltey  ouglit  never  to  expose 
■Kir  flank,  unteac  to  execute  an  essential  movement ;  and  then 
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only  when  sure  of  perfonning  it  before  being  overwhelmed  by 
the  fire  of  the  enemy. 

On  going  into  action,  but  one  caisson  at  a  time  for  two  pieces 
should  be  opened,  reserving  to  the  last  the  ammunition  in  the 
limber-boxes  of  the  pieces,  in  case  they  should  be  separated 
momentarily  from  their  caissons.  The  pieces  should  never  be 
without  a  supply.  As  soon  as  a  caisson  is  emptied,  it  is  sent  to 
the  reserve  park. 

If  the  pieces  are  dismounted,  they  are  lashed  under  the  lim- 
bers of  the  gun-carriages  or  caissons,  and  carried  off.  Tlie  enemy's 
pieces  may  be  carried  off  in  the  same  manner. 

Woods,  Attacking. — ^In  attacking  a  wood,  12-pdr.  guns  should 
be  used  to  destroy  abattis,  and  counter-batter  the  enemy's  artil- 
lery. The  pieces  should  be  covered,  either  by  the  undulations  of 
the  gi'ound,  or  by  parapets  hastily  formed  of  earth,  fascines,  or 
the  bodies  of  trees.  The  enemy's  artillery  should,  if  possible,  be 
battered  obliquely  or  in  flank.  ■ 

Defending. — ^Tlie  position  of  a  battery  near  a  wood  is  not 
tenable,  unless  the  wood  is  in  our  possession,  and,  within  range, 
occupied  by  skirmishers.  In  defending  it,  the  trees  should  be 
cut  off  at  a  distance  of  three  feet  from  the  ground,  within  a 
radius  of  at  least  300  yards,  and  at  most  of  600.  The  position 
should  be  covered  by  abattis,  and  the  pieces  placed  in  barbette, 
enfilading  the  points  of  attack  as  completely  as  possible. 

Defiles,  Attacking. — A  defile  is  attacked  by  placing  the 
largest  calibers  in  advantageous  positions  to  counter-batter  and 
dismount  the  enemy's  artillery,  whilst  the  lightest  pieces  endeavor 
to  turn  it,  or  batter  it  obliquely  or  in  flank. 

Defense. — Artillery  should  not  be  placed  in  front  of  a  defile 
whicli  it  is  to  defend,  as  it  might  be  stormed  or  cut  off  by  the 
enemy.  The  best  position  is  at  100  or  200  yards  in  rear,  and 
should  then  be  disposed  in  a  curve,  to  obtain  a  converging  fire  on 
the  defile.  If  a  bridge  at  the  end  of  a  long  causeway  is  to  be 
defended,  shot  and  shell  should  be  fired  horizontally.  If  the 
bridge  has  been  cut,  grape  and  canister  will  be  fired  at  the  enemy, 
whilst  he  is  stopped  by  the  cut.  K  the  pieces  are  obliged  to  be 
placed  in  front  of  the  defile,  they  should  be  strongly  sustained  on 
the  flanks,  to  prevent  being  turned.  K  the  defile  is  very  long,  an 
advantageous  position  for  the  artillery  is  chosen  in  the  interior 
near  the  entrance. 
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PusTS.  Towxa,  &C.,  Attackisu. 


-If  « 


tbei 


poeitiun  is  Burronnded 
breached  u'ith  the  lar^^t  pieces  nt  hand  hy  plac- 
ing them  at  4<K)  ur  5U()  yards,  directing  tfau  Sra  sn  an  to  cut  tho 
wall  near  its  foot.    To  set  the  place  oti  Ute.  eltt-lls  are  uned.     In 
the  abiicDcii  (if  tlic«u,  iimku  use  of  shot  Ijvatfd  in  tliu  traveling 
■IX,  t>r  ullicnrisc.     If  it  it  dwijfiiMl  to  occupy  tlic  placo  aAor 
b  taken,  it  should  not  be  burnt 
Detkxsr. — In  defending  a  town  or  post,  it  is  not  nece&sary  to 
place  tlie  artillery  on  the  interior,  unlc»s  it  h  fortified,  or  it  Is 
intended  to  bold  it  to  the  last  extmiuity.     In  tbese  caaes,  cut 
enibrnsurtis  in  lh«  walls  of  entrenched  b^iildings,  propping  up  the 
ir»  if  ihvy  are  to  support  cannon.     Defend  tlio  principal  streets 
id  all  the  approaches,  by  placing  the  largott  pioccfl  at  the  points 
wbvru  ibti  gT\iitest   range*  aro  to  bo   obtainixl,  and  under  tlia 
,  rcteetion  of  works  su»oeptible  of  tlie  longest  resiatHncc.    Flank 
':<'  appruacbcN  with  small  calibers,  converging  and  crossing  their 
lire  on  all  tlio  roads  leading  to  the  position  to  be  defended.    Place 
advance  only  such  light  pieces  as  can  bo  easily  moved.    Batter 
udghboriog  valluys  and  thickets  with  ahelU,  and  nnite  the 
ilcrt  amount  of  mcana  upon  the  point  of  attack.    In  all'CBsea 
fire  tu  the  place  if  obliged  to  abandon  it  to  tbu  enemy. 
IjTTBOfCHKi'rxTB,  Arr-vcK. — A  battery  of  12-pd.  guns  and  iJ-i-pd. 
3:!-pd.  howilxers,  is  Mlablished  at  from  4()0  to  5itO  yardK,  and 
enrd,  if  llicru  i*  lime,  by  sinking  a  trench  2'l  in.  deep,  forming 
parapet  of  the  earth.     Other  batterieii,  eoinpoac<l  of  gunA  and 
itzefB,  aru  eetablti>liL-d  on  tlie  prolongation  itf  the  faces  to  eofi- 
le  and  take  them  in  rcrcrsc.    UowitKcns  are  placed  to  fire  along 
capitals,  so  as  to  buret  tho  alx-lls  in  tlio  enlrenchmont.    Under 
icctiun  of  tlirAc  batteries  an  attempt  id  made  to  o|ten  a  breach, 
which  pnrpose  tlie  parajnt  in  knocked  down  with  1^-]idrs., 
.tueiicing  at  llie  lop,  and  lakiug  advantage  of  tlie  cniliraiiurei, 
which  scrre  as  a  commencement  for  the  opening,     tshclls  fired 
intii  the  parapet  crumble  down  the  earth,  and  when  the  tbickncsR 
is   reduced   sufficiently  to  allow   solid  shot   to  pau  completely 
thruDgh,  tho  brunch  Mion  bocomes  practicable. 

Tho  broach  made,  canister-whot  and  grnpt*  are  Gmi  np^in  the 
troops  ddooding  it ;  tho  eolumns  of  attack  are  mpporlfd  by 
troo|i«  drawn  up  in  ^•chelon  on  their  flanks,  and  arrangemcoU 
mode  to  prorent  tho  enemy  from  retaking  the  oBensivo. 
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Defense. — ^TVTien  entrenchments  have  sufficient  command  over 
the  surrounding  ground,  either  from  the  strength  of  the  profile 
or  the  position  which  thev  occupy,  the  salients  should  be  armed 
with  large  guns  and  howitzers,  firing  in  barbette  in  order  to 
expose  to  fire  all  the  surrounding  points.  The  smallest  calibers 
are  reserved  for  the  armament  of  tlie  flanks,  and  are  fired  through 
embrasures.  Tliis  disposition  will  prove  advantageous  if  the 
different  parts  of  the  intrenchments  project  beyond  each  other 
much  ;  but  if  the  works  form  almost  a  straight  line,  or  are  com- 
posed of  parts  projecting  but  little,  placed  on  a  horizontal  site, 
and  with  a  profile  of  sm&ll  dimensions,  the  pieces  had  better  be 
placed  in  the  re-entering  angles,  and  even  in  barbette,  on  the 
curtains. 

In  this  position  in  fact  the  pieces  command  at  almost  as  great 
a  distance  as  when  in  the  salients ;  they  are  less  exposed  to  ricochet 
shots,  and  can  fire  up  to  the  last  moment,  and  at  decisive  periods; 
advantages  which  they  would  not  possess  if  placed  in  the 
salients. 

Field-batteries  are  established  on  the  natural  surface,  are  sunk 
or  raised,  and  fire  through  embrasures  or  in  barbette,  according 
as  time  and  the  position  occupied  will  allow. 

The  parapet  of  field-batteries  is  from  10  to  12  ft.  thick.  The 
height  of  tlie  interior  crest  8  ft. ;  that  of  the  g^nouillere  about  2^ 
ft.,  which  is  also  the  height  of  the  barbette  parapet.  Tlie  width 
of  the  embrasure-necks  is  about  20  in. ;  that  of  the  exterior  open- 
ing at  the  bottom,  is  half  the  length  of  the  directrix.  The  cheeks 
are  vertical  on  the  interior,  and  have  on  the  exterior  a  slope  of  ^ 
their  height.  The  bottom  of  the  embrasure  is  so  arranged  that 
grape  and  canister  can  always  be  fired  upon  the  columns  of 
attack.  It  should  never  mask  the  line  of  sight,  nor  the  fire  of  the 
piece.  The  distance  between  the  pieces  is  16  ft.,  and  the  width  of 
the  terre-plein  24:  ft. 

Ordinarily  the  terre-plein  of  the  barbette-battery  is  raised  to 
within  2.J  ft.  of  the  interior-crest,  which  requires  a  large  amount 
of  filling  in,  for  the  terre-plein  should  not  be  less  than  24  feet  wide. 
Besides  which,  platforms  have  to  be  laid,  or  the  wheels  will  soon 
form  ruts  in  the  newly  thrown-up  earth.  It  has,  in  consequence, 
been  proposed  to  form  barbettes  on  the  natural  surface,  and  cover 
them  with  a  parapet  2^  ft.  high  and  10  ft.  thick.     In  this  way  no 
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ktforms  arc  K^uJred,  or  noUiing  more  tlian  thick  plimkit  laid 
idt-r  the  wheeU ;  trendies  m&y  he  dug:  on  the  right  and  left 

the  jiiceea  for  the  cannonecrt  to  stand  in,  to  protect  them  from 
9  enemy's  fire. 

Batturicg  aonietitiies  consist  simply  of  monnds  hastily  thrown 
),  whon  H  few  hours  enffioe  for  their  conBtmction. 

Thr  surface  rwciipied  hy  a  piere  or  caifteon  drawn  by  six  hones 
2S  squurr'  yanls.  That  occupied  by  a  Umber  and  its  teamit,  23 
iIiBrc  yardfl.     'Ilie  front  of  all  the  carriagra  is  2  yarda, 

Tlie  artillery  of  intrfnchmcnta  fires  shot  upon  tlie  enemy's 
Mtcrice;  gr&pc.  canietcr,  nnd  hIil-IIb  against  tho  colomns  of 
tack;  and  at  short  distances  canister  !s  placed  on  top  of  the 
AvT  shot. 

Itn-uuT. — T!io  retreat  of  troops  is  defended  wilh  a  firo  of 
rape  and  canicter;  and  in  such  a  case,  horse  artillery  marching 
ith  the  reserves,  may  be  of  great  assistance,  hy  fnmuehing  its 

onlcd  cannoneers  to  charge  upon  tlio  pursning  enemy. 

Battvrics  execute  a  retreat  with  a  fire  hy  battery  or  by  half 

Scries.     They  should  retire  slowly  and  without  confusion.     A 

icified  number  of  pieces  occupy  rapidly  positions  selected  ]r 
Irancc,  and  protect  tho  movement  of  tlio  troops  hy  enabling 

n  to  rally  or  pass  thronf^h  narrow  defiles.  These  pieces,  whose 
sbouh]  he  rapid  and  well  directed,  shonld  retain  thvir  position 
fttit  the  last  extremity,  and  ought  not  to  retire  until  a  formal 
rdcr  to  do  so  is  re<-eivcd.  Villages  are  obstinately  defended,  set 
re  to  when  abandoned,  and  tho  eni-mr  kept  out  os  long  as  po«> 
Iblc,  by  throwing  shells  into  them.  If  all  hope  of  retaking  tbt 
fteniire  is  given  up,  the  bridges  on  the  rcmtc  are  blown  up, 
Bd  every  other  {wasihle  metuis  taken  to  retard  the  advance  uf 
le  enemy, 

■ELKcnoN  or  noBsn  roR  aktillerv  sutncx. 
QrALmcs. — The  horae  for  artillerj*  scn'ice  should  be  from  S 
B  7  yean  old  (the  latter  age  to  b«  preferred),  and  should  bo  from 
B  to  16  hands  high. 
TIio  saddle  honw  sbonld  I>c  free  in  his  raovemcnta;  have  good 
lit ;  a  full,  firm  chest ;  he  sure  fooled  ;  have  a  good  dispositioo, 
buldnc«s  and  courage ;  more  bottom  than  sjiirit,  and  not  too 
pwy. 
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The  draft  horse  should  stand  erect  on  his  legs,  be  stronglj 
built,  but  free  in  his  movements ;  his  shoulders  should  be  large 
enough  to  give  support  to  the  collar,  but  not  too  heavy  ;  his  body 
full,  but  not  too  long ;  the  sides  well  rounded  ;  the  limbs  solid, 
with  rather  strong  shanks,  and  feet  in  good  condition. 

To  these  qualities  he  should  unite,  as  much  as  possible,  the 
qualities  of  the  saddle  horse ;  should  trot  and  gallop  easily ;  have 
even  gaits,  and  not  be  skittish.  The  most  suitable  horse  for  the 
pack-saddle  is  the  one  most  nearly  approaching  the  mule  in  his 
formation.  He  should  be  very  strong-backed,  and  from  li  to  15 
hands  high. 

Horses  with  very  long  legs,  or  long  pasterns,  should  l»€ 
rejected,  as  well  as  those  which  are  |)oor,  lank,  stubborn,  or 
vicious. 

Thb  Mule,  used  with  mountain  artillery  in  carrying  the  pieced, 
carriages,  &c.,  is  preferable  on  many  accounts  to  the  horse,  espe- 
cially in  a  very  rough  country,  where  its  surefootedness  is  an 
important  quality.  There  are  two  kinds — the  mule  proper,  or 
product  of  the  jackass  and  mare,  being  considered  preferable  to 
that  of  the  horse  and  ass.    The  former  brays,  the  latter  neighs. 

The  mule  may  be  usefully  employed  from  its  fourth  year  to 
beyond  its  twenty-fifth.  It  is  usually  from  13^  to  15  hands  high ;  is 
hardy,  seldom  sick,  fears  heat  but  little ;  is  easy  to  keep  ;  is  very 
sure-footed,  and  is  especially  adapted  for  draught  or  packing ;  hnt 
is  seldom  used  for  drawing  pieces,  on  account  of  its  fear  of  fire- 
arms. What  has  been  said  in  regard  to  the  desirable  qualities 
in  the  liorse,  is  mostly  applicable  to  the  mule. 

Selkcting. — ^To  choose  horses,  their  attitudes  and  habits  should 
be  examined  in  the  stable.  Leaving  tlie  stable,  they  should  be 
stopped  at  the  door  in  order  to  examine  their  eyes,  the  pupils  of 
which  should  contract  wlien  struck  by  tlio  light.  Out  of  the 
stable,  they  should  neither  be  allowed  to  remain  quiet,  nor  to  be 
worried.  Care  should  be  taken  against  being  deceived  by  the 
effects  of  the  whip,  cries,  &c.  Tlie  positions  of  a  horse,  his  limbs, 
age,  and  height,  should  be  examined  at  different  times.  He 
should  be  walked  about  with  a  long  rein,  observing  the  action  of 
his  rear  extremities  when  he  moves  off,  of  liis  fore  ones  when  ap- 
proaching, and  of  both  when  moving  with  his  fiank  towards  you. 
The  examination  should  be  repeated  at  a  trot,  observing  in  what 
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tnncrtbe  Itorso  gathers  liimficlf;  u-hcUicr  lie  interferes,  rocks 

B  hJB  motionfi,  or  travenKsa  Lis  ftliuuldcra  or  liaimchce.    R«in  liita 

JtwKnJa ;  mako  one  of  tho  mcu  get  on  him,  and  i«e  if  he  U  diffi- 

llt  to  moiuit,  antl  whether  or  not  be  bears  too  hard  on  thfi  Int. 

tfhiiti  j^HlUijia  little,  taju«t)i^of  liis  wind,  and  see  whether  hia 

kliks  heiive.      Hare  hia   feet  washed  and  examined  carefully. 

trike  upon  the  ehoe  to  determine  whether  he  is  easily  shod  or  not. 

Agk. — The  age  of  a  horse  is  dctemiined  by  the  ap]>carBnce  of 

•  teeth.     When  he  is  6  years  old,  his  ntoiitii  is  ne-arly  perfect 

Ivitii  a  full  set  (40)  of  teeth,  2U  in  each  jaw  ;  six  of  tlie^e  arc  in 

'' front,  and  called  nipper*,  orcuttinf(  teetli ;  a  tuidi  on  eaeh  »ideof 

these,  and  un  enoh  bide  of  the  back  part  of  tlie  jaws  six  molars  or 

grinding  tuetlt. 

PAt  the  birth  of  the  colt,  Uie  1st  and  3d  grinders  have  appeamd, 
in  the  course  of  seven  or  eight  days  after,  tlie  two  central 
pcrs  force  their  way  though  tJie  gums.  In  the  course  of  the 
;  month,  the  3d  grinder  api)earH  above  and  below,  and  shortly 
r  another  of  the  incisors  on  each  side  of  the  firet  two. 
At  tlie  end  of  two  months,  the  central  nij>j>crB  reach  their  lull 
height,  and  before  another  niontli  the  second  pair  will  overtake 
them.  Iltey  then  begin  to  near  away  a  little,  and  the  outer 
edge,  wliich  was  at  first  somewhat  rai&ed  and  shari),  is  brooglit  to 
^  level  with  tlio  inner  one.  So  the  mouth  continues  until  some 
DO  between  tliu  6tli  and  I'th  niontlt,  when  two  other  nippcn 
^n  lo  ap])ear,  making  Vi  in  all.  and  eoniplcting  tlio  eolt's 
louth.  After  this,  the  only  observable  diffi-reiice,  until  between 
jbo  2d  and  8d  year,  i»  the  wear  of  tliese  toetb. 

Tliose  teeth  arc  covere<l  with  a  ]iolifthoiI  ant)  very  hard  enamel, 
IfLieh  spreads  over  that  portion  alxive  the  gum.     From  the  eon- 
ant  habit  of  nipping  gross,  and  gathering  up  the  animal'a  food. 
^  portion  uf  the  enamel  is  woni  away,  while  in  the  center  of  the 
T\<cr  surface  of  tlie  teeth,  it  unks  into  the  body  of  the  tooth, 
ning  a  little  pit.     Tlie  insidu  and   bottom  of  tliis  pit  being 
irkcned  by  the  food,  eonilitutc*  the  mark  of  tiio  teeth,  by  the 
l^lual  diappcorancc  of  which  from  the  wearing  down  of  the 
;,  we  are  enabled,  for  several  veitn,  lo  judge  of  the  age  of  the 
laL 

The  teeth,  at  first  pn»enting  a  cutting  surface,  witli  the  outer 

D  ruing  in  a  slanting  direction  ahore  tlie  inner,  toon  begin  to 

*Vcar  down  until  both  surfaces  arc  level ;  and  the  inant,  originally 
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Fig.3T2 


long  and  narrow,  becomea  eliorter,  wider,  and  fainter. 

represents  the  appearance  of  the  animal's 

mouth   at   12   months.      The  four  middle 

teetli  are  almost  level,  and  tlie  comer  ones 

becoming  so.     The  mark  in  the  two  middle   , 

teeth  is  wide  and  faint ;  in  the  two  next, 

darker,  longer,  and  narrower ;  and  in  the  ^ 

extreme  ones,  it  is  darkest,  longest,  and 

narrowest.     Tiiis  apjiearance  of  the  nippers, 

together  with  the  coming  of  four  new  grind- 

dei's,  enables  the  ago  of  the  eolt  to  be  pretty  rif.  si«, 

nearly  calculated. 

Six  months  after,  the  mark  in  tlie  central  nippers  will  be 
much  shorter  and  fainter ;  that  in  the  two  other  pairs  will  have 
undergone  an  evident  clinnge,  and  all  the  nippers  will  be  flat. 

At  two  years  old,  this  change  will  be  still  more  manifest,  and 
the  lower  jaw  of  the  colt  will  present 
the  appearance  represented  in  Fig.  273. 
About  this  period,  too,  a  new  grinder 
appears,  making  20  in  all,  and  a  still 
more  important  change  fakes  place. 
This  consists  in  the  formation  of  the 
permanent  teeth  which  gradually  come 
up  from  beneath,  absorb,  and  take  the 
place  of  the  teniporarj-,  or  milk  teeth  as 
they  are  called,  and  finally  push  the  top 
pai-ts  of  these  latter  out  of  their  places.  Tliese  permanent  teeth 
are  much  larger  and  stronger  than  the  iirst  ones. 

The  teeth  are  replaced  in  the  same  order  that  they  originally 
ai>peared,  and  consecjuently,  at  the 
end  of  the  second  year,  the  first 
grinders  are  replaced  hy  permanent 
and  larger  ones  ;  then  the  central  nip- 
pers and  so  on.  At  the  end  of  the 
tliird  year,  the  colt's  mouth  will  pre- 
sent the  appearance  shown  in  Fig.  274. 
The  central  teeth  arc  larger  than  the 
others,  with  two  grooves  in  the  outer 
convex  snrface,  and  the  mark  is  long, 
narrow,  deep,  and  black.    Not  hav- 
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yet  attainwl  their  full  prowtli,  tlicy  arc  ratlier  lower  tlian  the 
bor»«    Tlie  miirk  in  the  two  iioxt  ni]i[N.'rs  is  nwirly  worn  out, 
snd  it  it  wearing  away  in  tlie  ixtriine  cmea. 

A  liorse  at  thrt*  years  old  <niglit  to  liave  the  central  pontinu- 
cntnipiicrB  growing;  tlie  other  two  pairs  wasting;  six  grinderaiii 
icL  jaw,  ahovc  and  lidow — the  first  and  fifth  level  with  the 
3icr,  and  the  sixth  protradiDg.  TUv  sharp  edge  of  tliu  new 
leisore  will  bo  very  evident  when  compared  with  the  neighbor- 
J  teeth. 

As  the  permanent  nipp<^rs  wear,  and  continue  to  grow,  a  uar- 

^wer  portion  of  tlie  cone-shaped  tootli  is  expoaed  to  Attrition,  snd 

Ihey  look  HA  if  they  had  hcen  compressed.     Tlio  mark,  of  course, 

idaail^p  dieajipcars  as  tlie  pit  in  worn  away. 

At  threv  yoarv  and  n  hiUf,  or  butwcvn  tliat  and  fonr,  the  next 

llr  of  nip{ter«  will  he  changed.    The  c<>iitnU  nipjiere  will  have 

wined  nearly  thoir  full  growtli.     A  vacuity  will  he  left  where 

e  second  etood,  or  they  will  begin  ti>  peep  attove  the  giini,  and 

t  comer  ones  will  bo  diminished  in  breadth,  worn  down,  and 

)  mark  becoming  small  and  faint.      At  this  period,   too,  the 

ioiid  pair  of  grinders  will  be  sited. 

At  fonr  yearn,  llie  central  nippers 

ni  he  fully  developed ;  the  sharj) 

!  somewhat   wom    off,  and    thu 

irk    shortiT,   wider,   and    fainter. 

|in  next  pair  will  he  nji,  but  they 

ill  be  Hmall,  with  thu  mark  deep,    ' 

extending  quite   acroM    them. 

!  comer  nipiterw  will   hi-  larger 

pan   the    imide  one«,   yet   Rnialler 

un  they  were,  flat,  and  tlie  mark 

Nirly  effaced.     Tlie  sixth  grinder  '^"^ 

ill  have  risen  to  a  levid  with  thu  otheni,  and  the  Ini-lte*  will  bo- 

\  to  appear.     See  Fig,  275,     The  small  Mze  of  tho  comer  uip- 

1-  want  of  wear  in  the  uthi-rf^,  thu  little  growth  of  the  lush, 

c  i>malln<^M  of  the  wx-vnd  grinder,  the  low  fore-hand,  the  leggi- 

M  of  the  etilt,  and  the  tlilrknLM  and  little  depth  of  the  mouth. 

Hi  prvvCTit  tlie  horse  from  being  inuved  off  aa  over  four  yearn 

iTho  tuthoa  are  mnch  nearer  tlie  uijiper>  than  the  grindera,  bat 
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this  distance  increases  with  the  age  of  the  animal.  The  time  ot 
their  appearance  is  nncertain,  and  it  may  vary  from  the^fourth 
year  to  four  years  and  six  months. 

At  four  years  and  a  half  the  last  important  change  takes 
place  in  the  mouth.  The  comer  nippers  are  shed,  and  the  perma- 
nent ones  begin  to  appear.  The  central  nippers  are  considerably 
worn,  and  the  next  pair  are  commencing  to  show  signs  of  usage. 
The  tush  has  now  protruded,  and  is  generally  a  full  half-inch  in 
height.  After  the  rising  of  the  comer  nippers  the  animal  changes 
its  name — the  colt  becomes  a  horse,  and  the  filly  a  mare. 

At  five  years  the  comer  nippers  are  quite  up,  with  the  long  deep 
mark  irregular  on  the  inside,  and  the  other  nippers  bearing  evi- 
dence of  increased  wear.  The  tush  is  much  grown,  thfi  grooves 
have  nearly  disappeared,  and  the  outer  surface  is  regularly  con- 
vex, though  the  inner  is  still  concave,  with  the  edge  nearly  as  sharp 
as  it  was  six  months  before.  The  sixth  molar  is  quite  np,  and  the 
third  wanting,  which  last  circumstance 
will  be  of  great  assistance  in  prevent- 
ing deception.  The  three  last  grind- 
ers and  the  tushes  are  never  shed.  Fig- (vy  ^^^^'  ^iTB 
27(>  represents  the  mouth  of  a  5-year  '  " 
old  horse. 

At  six  years  the  mark  on  the  ceii- 
tral  nippers  is  worn  out,  though  a 
difterence  of  color  still  remains  in  the 
center  of  the  tooth,  and  although  a 
slight  depression  may  exist,  the  deep  rig.  sie. 

hole  with  the  blackened  surface  and  elevated  edge  of  enamel  will 
have  disappeared.  In  the  next  incisors  the  mark  is  shorter, 
broadei%  and  fainter ;  and  in  the  corner  teeth  the  edges  of  the 
enamel  are  more  regular,  and  the  surface  is  evidently  worn.  The 
tush  has  attained  its  full  growth  of  nearly  an  inch  in  length ; 
convex  outwards,  concave  within,  tending  to  a  point,  and  the 
extremity  somewhat  curved.  The  third  grinder  is  fairly  up,  and 
all  the  grinders  are  level. 

At  seven  years,  the  mark  is  worn  out  in  the  four  central  nip- 
peri^,  and  fast  wearing  away  in  the  comer  ones.  The  tush  is 
becoming  rounded  at  the  point  and  edges  ;  still  round  outside,  and 
beginning  to  get  so  inside.    Fig.  277. 
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At  eight  ycitrB  old,  tlio  tiieh  is 

nnder  in  every  way  ;  the  iriftrk  is 

L'  from  nil  tiie  l>otti>m  nippers, 

I  ntitliin^  reuiaisi  in  them  that 

uflerwaxda  clearly  show  tlie  { 
e  of  the  horse. 
An  operation  is  fiomutlinofl  per- 
med ou  tho  toctli  of  horses,  to 
eive    pardinsers   in   regard    to 
This,  called  ht'aht/pinif,  aAer 
!  inventor,  coiisisla  in  tlirowing 
1  hofBe,  fl  or  tf  years  old,  and  with 
1  engraver's  tool  digging  a  hole  in  the  almost  plane  eurface 
f  the  comer  teetli,  of  tlie  eatiie  shape  and  depth  of  tboeo  socn  in 
T-yeurs  old  horse.     Tlic  hules  aru  then  homed  with  a  heatvd 
ron,  leaving  a  pemianent  hinek  fttain.    lite  next  pair  of  nippers 
I  aIko  «ouietinif«  lightly   tonehed.     An  inexiwrieiiced   person 
l^ght  he  deceived  by  the  proeesa ;  hnt  a  careful  examination  will 
dose  the  irregnlar  ajjpcarance  of  tlie  cavity — tho  diffu&ion  of 
0  hlaek  stain  around  the  tiiolies,  tlie  sharpened  edges  and  con- 
nvc  inner  surface  of  which  can  never  he  givon  again — and  the 
narks  on  tlie  upper  nippers.     After  the  horse  is   8  years  old, 
ti  are  accustomed  to  jadge  of  his  age  from  the  nippcirs  in 
Sie  up)>er  jaw,  where  tho  mark  remains  longer  tlian  in  the  lower 
7  teeth ;  so  that  at  0  years  of  age  it  disappears  frum  tho  eentral 
|ip|>crB ;  at  10  from  the  next  pair,  and  from  all  tho  ujiper  nippers 
During  this  lime,  loo,  the  tushes  aru  changing,  hocoming 
Inntcr,  ahurter,  and  rounder;   hut  the  means  for  determining 
^uralely  the  age  of  a  horse,  after  bo  has  pafWed  8  years,  aro 
^•ry  uncertain. 

Tlie  general  indications  of  old  age,  independent  of  the  teeth, 

u  deepening  of  the  hollows  over  tlic  eyes,  and  about  tlie  mnztle; 

8  and  hanging  down  of  tlie  lips;  sharpucw  of  the  withers; 

ing  of  tile  hack  ;  lungtheuin);  of  the  quartcra ;  and  tho  disap- 

e  of  windgalls.  spavin*,  and  tumors  of  every  kind. 

l.Vprixht»eMi  with  which  a  horse  habitually  stands,  has  a 

ring  u[ion  his  good  i|uali(ies  and  endurance.    Viewed  in 

Sle,  his  front  legs  should  he  comprised  hetwc«u  two  verticals, 

pa  one,  A,  Fig.  219,  lei  tall  from  tho  jwint  of  hts  shoulder,  and 
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ir  ...  ':.<;  ;.!:i.  a:,  i  I;  lii'.llr.j  :r.:..  :Lr  jvin:  «>:'  the  bnttock:  the 
f'//'.  ;&'.  -.  ^rv  :.':^r\y  ':■;■:*&.  'iiitii-'je?  :r-.'r:"-  tLe;ic  two  line*.  A  line. 
^/.  i;-  •>*!;  iVo.'.'i  tl.e  ;.i[-j  jii^z.  sLoil  L  le  o^Tia'.ly  distant  from  the^ 
V'.ff  i.r.'-  A  ,  I'/. 

V  !«;•/.■«:•!  i:i  :'ro:;t.  a  verti'^iil  It-t  iV.I  fjr'>r.i  the  fMjint  of  the  shoul- 
'i'Tj  i^^.'i'iuld  'iivi^l^i  the  le^r  along  iia  central  line.  In  rear,  a  verti- 
rr;il  f'iV/in  i]n:  ],(Aui  of  tlie  huttuck,  should  divide  the  leg  equally 
fliroii;.^|joijt,  it^  «:ntiro  length. 

'I'll';  Ijfriglit  of  the  liorse,  mea.^ureil  from  the  top  of  the  withers 
to  \\if:  ;r/ouiif\,  hhould  be  equal  to  his  length  from  the  point  of  the 
Khoiihl'-.r  to  the  point  of  tlie  buttock,  llis  chest,  looking  at  him 
fioiii  the  front,  should  be  broad  ;  and  viewed  from  the  rear,  he 
hlioiiM  be  brojul,  with  good  muscle,  and  strongly  built. 


TRANSPORT  ATIOX. 

\Vh«-n  artiUery,  liornes,  &c.,  are  to  be  transported,  whether  by 
Hciiov  hiwlj  an  inventory  of  the  whole,  and  a  statement  of  the 
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nnrabcr  of  men  or  troops  to  accompany  tbem  sboiiM  lio  made  out, 
aiul  tlic  proper  means  of  traceportutiun  RppliiHl  for. 

Br  Sea. — For  tranaporttttion  hj  bwi,  tUo  iiivealor^'  slioiiM 
ttato  tlio  nntuber  of  artioltw,  ttic  wuiglit  of  enuli,  and  tlie  total 
\r>'i<;ht  of  each  kind,  leaving  a  large  coliinin  for  reruarlcH.  In 
>  'liinating  the  vrvight,  iiicreaso  t!io  t<ptal  by  one  half  tlie  weight  of 
t:ii-  miihII  aniclea, bucIi  as  aceotitrcnii!nt«, tooU,  &c.,  which  occupy 
•  oiiaiderahlc  Rjiacu  in  proportion  to  tlicir  weight,  and  apply  for 
vL'iiscId  sufficient  for  the  transportation  of  the  wliolo  weight. 
//cc/W  vcfiBck  are  preferred,  especially  if  ammnjittion  U  includwl 
among  the  Htorva. 

Tliu  Umnagc  of  vessels  i«  Cfitimnlvd  in  tuna  of  3,340  lbs.  Tlie 
ballast  should  not  count  in  tliu  tonnagv  of  ■  vossi-l.  and  if  it  is 
incUidi^,  n  de<luctioM  of  one  third  must  he  niadv.  llie  captains 
have  usually  a  certificate  of  the  tonna^^  of  thdr  vt;M«U;  but  it 
may  become  noocMary  to  make  the  estimate,  in  which  case,  mill- 
lijily  together  the  three  principal  dimensions  of  the  vessel  in 
:irds,  and  divide  the  product  by  41.t).  The  rcsnlt  will  be  the 
iiiiinbur  of  tons. 

A  statement  of  the  distribution  of  the  articles  among  the  dif- 
ferent ve«vls  shoulil  then  he  madu  out,  as  well  as  an  inventory  of 
the  Dumber  to  bo  plucu<l  on  eneh,  Tlic  latter  should  bo  made  ont 
in  duplicate,  one  copy  being  kept  by  tlio  ma»ter  uf  the  vc»m-I,  Uio 
other,  sigited  by  liiiii,  by  the  periion  having  tlio  stores  in  chargt% 
who  alxt  should  >eo  tliat  tlie  full  capacity  of  the  veitK'J  i»  made 
uso  of,  as  captains  are  sometimoi  apt  to  say  tliey  are  overloatled 
before  they  have  received  their  full  cargo. 

Tlie  earguna  should  be  distributed  in  aocurdanco  with  tlio 
object  in  riew.  Fur  a  single  expedition,  each  vescel  sliould  be 
Ii>ailf>l  with  everything  nivesMiry  for  action  at  tl>u  inotnent  of 
ditvmbarking ;  so  tliat  in  cau;  of  the  delay  of  a  part  of  tlie  trans- 
ports, it  will  md  hwoMie  necestiari-  to  wait  for  tliem.  With  each 
gan  iJionld  be  plucod  its  eiguipmenls,  annuuuition,  and  tlie  ear- 
ria^ea  neccwary  for  their  tnmsjMrrtation,  as  well  as  the  platforms, 
tools  instruments,  and  material  for  the  conatrucliou  of  batlcrica. 
If  a  certain  caliWr  is  indispensable  to  any  expedition,  all  tlie 
jnecea  of  that  caliber  should  not  bo  iilac4.<<l  U[>on  one  reaaul. 

Tlie  ]tan-carriagra,  wngona,  and  linibern  ihould  l>e  Jlsniotintvd 
by  removing  tlie  whcvU  and  tioxcs,  jilacing  in  the  latter  the  irona 
and  loots  neceaury  for  putting  the  carriagva  together  again. 
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l^rade-up  ammunition  shoiild  be  well  packed  in  boxes  weigh- 
ing from  100  to  150  lbs.,  closed  with  wooden  screws  or  with  bands, 
and  provided  with .  rope  handles.  Cartridges,  fuzes,  fire-works, 
and  materials  for  them,  in  casks.  Powder  in  barrels,  of  not  more 
than  100  lbs.  each.  Sponges  and  rammers,  worms  and  ladles,  are 
united  in  bundles,  according  to  caliber,  for  one  or  two  pieces,  and 
held  together  by  two  or  three  circular  plates,  with  notches ;  the 
havresacks  and  pouches  are  placed  inside  of  these  bundles. 
Pioneers'  tools,  levels,  rules,  &c.,  each  kind  by  itself,  are  placed 
in  packages  or  in  boxes.  Hay-wads  are  placed  in  sacks,  100  or 
150  in  each.  Each  box,  package,  &c.,  must  be  marked  with  the 
kind  and  number  of  its  contents. 

Tlie  heaviest  objects  are  placed  beneatli,  commencing  with 
the  projectiles  (including  empty  shells),  then  tlie  pieces,  platforme, 
gun-carriages,  wagons,  limbers,  ammunition-boxes,  &c.  Boxes  of 
arms  and  ammunition  in  positions  the  least  exposed  to  moisture. 
Nothing  should  be  placed  in  the  lower  part  of  the  hold,  where 
water  is  usually  found.  If  it  is  necessary  to  occupy  that  part  of 
the  vessel,  the  objects  least  injured  by  moisture  should  be  placed 
there. 

If  the  disembarkation  is  to  be  made  in  the  presence  of  an 
enemy,  the  vessels  should  be  so  loaded  that  some  of  the  field-pieces 
can  be  landed  at  once,  with  their  ammunition  and  equipments, 
witli  some  chevaux-dc-frise,  and  the  tools  necessary  to  throw  up 
intrenchments,  or  facilitate  the  landing.  These  pieces  may  be 
l)hiced  upon  the  deck  in  positions  where  they  will  not  interfere 
with  the  manoiuvering  of  the  vessel. 

IIoKSKs. — In  transporting  horses  by  sea,  great  care  should  be 
taken,  botli  of  their  food,  and  to  prevent  their  being  injured. 
AVitli  regard  to  the  arrangements  made  for  their  reception  and 
th^  manner  of  regulating  them  on  board  ship,  the  method  pur- 
sued on  board  the  English  horse- transport  steamer  Himalaya,  as 
desc^ribod  by  Capt.  MeClellan,  will  be  inserted,  as  the  whole  sys- 
tem is  represented  as  very  perfect,  and  well  worthy  of  imitation. 

Two  rows  of  stalls,  with  the  rear  ends  2'  at  least  from  the  ves- 
sel's sides,  are  arranged  on  each  deck.  These  stalls,  Fig.  279,  are 
each  furnished  with  movable  side-boards,  a  movable  breast-board, 
ami  H  lixeil  tail-board,  all  padded  ;  the  side-boardson  both  sides,  the 
tail-board  next  to  the  horse  and  nearly  to  the  bottom  of  the  stall, 
and  the  breast-board  on  top  and  on  the  side  next  the  horse.    The 
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Jiling  titcd  coniiigU  of  felt,  or  nw  liido  (the  latter  olijectiouable 


I  acGouit  of  the  odor),  stuffci]  with  cow's  liair  wherever  the 

pnuU  can  grnaw  it,  with  titraw  in  other  parts.    It  is  from  3"  to 

Ftliick.     Tbo  ffod-trougbs  aru  of  wood,  bound  on  tlic  edges 

b  ehcct-iron  or  zinc,  and  attnclicd  to  tho  hreast-boardB  with 

9  hiiok«.     Tlic  hrcaet  and  itido  board*  ehip  in  grooviv.     Fig. 

9  nprv^-ntA  the  li'jrizontal  [imjection  of  ono  eialL     la  fWmt  of 

ll  bewl-pi>»t  A  haltfir-riiig  A  i»  placwl,  and  over  thia  noar  the 

f  of  tlM  poflt  in  a  hook,  to  which  the  eua-hallor  ia  hnn^  when 

The  fitid-trougha,  head-boanls,  and  Htalla  are  white- 

ihcd  and  numbered. 

,  Fig.  380  represents  a  aoction  of  one  of  these  stalls  throngh  the 

Tlie  flooring  is  nueed  above  tho  deck  on  battens,  and  is 


'  ^  ided  into  ecpnrate  platforms  for  every  two  ftaUa,  so  tliat  it  can 
•ilj  bo  rnised  to  tOiMn  tlio  dci'k  beosatb ;  4  slrORg  haltens  an 
D«s  to  give  thu  animals  a  foot-hotd. 
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HELD    AETULEET. 


Fi^.  2S1  ia  a  section  throngli  the  Eide  boards  of  a  stalL  and 
fibowe  tbe  dimensions  of  the  timbers  and  bei^bt  of  side-boards^ 
as  well  as  tbe  manner  of  inserting  tliem  in  their  grooves,    ^is 


.ivfl 


Ilff.  ISl. 

the  hook  for  banging  up  the  sea-halter.  This  baiter  is  made  of 
double  canvas,  2"  wide,  and  has  two  ropes,  which,  being  fastened 
one  to  each  post,  keep  the  animal's  head  still,  and  prevent  him 
from  interfering  with  his  neighbor.  C  and  J?  are  battens  for 
securing  the  ropes  of  the  sling,  shown  in  Fig.  2S2.  J?,  bolts,  for 
the  same  purpose,  when  the  sling  is  of  the  form  represented  in 
Fig.  2S3. 

On  the  spar  deck,  the  stalls  are  under  sheds,  every  8  stalls 
forming  a  separate  set,  so  that  they  can  readily  be  moved  about 
when  the  decks  are  to  be  cleaned.  Water-proof  curtains  are  pro- 
vided for  the  front  and  rear ;  a  passage  way  of  at  least  2'  is  left 
betwen  the  sheds  and  the  bulwarks. 

When  practicable,  a  staging  is  erected  alongside,  that  the 
horses  mav  be  walked  on  and  off  the  vessel ;  when  this  cannot  be 
done,  they  are  hoisted  on  board  in  the  sling,  a  small  donkey 
engine  being  used  for  the  purpose.  In  this  way,  horses  may  be 
shipped  or  unloaded  at  the  rate  of  one  per  minute. 

The  slings  are  of  canvas,  of  the  shape  and  dimensions  repre- 
sented in  Figs.  282  and  283.  For 
hoisting  in  and  out  the  horses,  the 
sling  is  provided  with  a  breast 
strap  and  breeching.  On  the  main 
and  orlop  decks  the  sling  ropes  are 


Fig.  882. 


nOBSES    OK    SniP-DOABD. 


5 -CO- 


attached  to  tlie  l>olt« ;  on  the  spar 
dork  tu  battens.  It  waa  intended  _ 
to  ftdupl  Ihu  sling  represented  i 
Fig,  aSi,  u  diiainialiing  vibra- 
tiuii. 

At  cea,  tlie  tJing  is  used  only  when  the  animals  eUow  flgna  of 
weakness  in  bad  weather,  in  which  fMe  about  1"  play  ia  given  to 
the  hUii^  aa  it  is  only  intended  to  prevent  tbu  hontea  from  falling. 

To  place  the  horses  in  the  etalU,  all  Ibe  side  boards  are  re- 
moved except  tlie  one  at  the  end  of  tlio  row  ;  a  horse  is  then 
walked  along  to  the  last  stall,  and  tho  other  side  board  put  lot 
aii<l  so  on  with  all  the  ruat.  They  should  be  placed  in  in  the  samu 
order  tliat  they  are  accu»tonivd  to  etund  in  the  stable  or  at  the 
picket  roi*.  If  it  beconie*  neccwmry  In  remove  a  horse  fn.»m  his 
stall  during  the  Voyage,  the  breast  board  is  taken  away,  and  he  ii 
walkf<.l  out. 

All  wooden  parts  are  washed  with  some  diainfectingcomponnd, 
or  aimply  white-washed.     Chloride  of  «inc  is  freely  used. 

The  deck*  are  washed  every  day,  and  the  Htalls  cleaned  after 
every  few],  c*pe«,iBlly  at  7  P.  M,  From  tho  spar  and  main  decks, 
the  stale  pa»Mt  nff  througli  the  scuppcnt ;  from  the  orlop  deck  it 
pawiea  to  tl>e  liuld,  and  is  pumped  out  by  tlie  engine.  On  the 
ilinialaya  not  the  dighte«t  disagreeable  (alor  conid  he  detected. 

The  feL'd'troughs  and  hones'  nttstrils  are  wodied  every  morning 
and  evening  with  vinegar.  A  scraper,  brush,  and  sliovel  Bra 
allowed  to  every  eight  stalls. 

A  guard  always  remains  over  tlic  liOTWS,aiid  in  caMSofoeeci- 
sity  a  farrier  or  non-commls«loned  officer  ia  »ent  for. 

Great  attention  is  jMid  to  ventilation.  The  orlop-deck, 
alihiiiigh  hotter  than  the  others,  appears  to  bo  the  most  favorable 
i>ao  for  the  horses. 

8o  long  as  cletudincss  is  preserved,  the  commander  of  the 
vessel  does  not  interfere  as  to  the  lioura  fur  feeding,  which  arc 
uikuaily  at  0  and  U  A.  H.  and  5}  P.  M.  If  any  horse  refusoa  his 
f>Mid,  the  fact  is  at  once  reported.  A  supply  <jf  forage  is  always 
carried  on  hoard  tlie  ship.  The  htrrscs  drink  eondi-oiMHl  steam. 
Tl)e  ration  at  sea  was  established  at  lu  lbs.  of  hay,  6  lb*,  of  oata, 
half  |teek  of  bran,  and  R  galls,  of  wat<.T,  aa  a  maximum  ;  bnt  it  ia 
generally  oonsdercd  this  is  too  great,  and  that  {  the  alknraoee, 
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f:X'i'r:r,  ti:*  Titer,  -rr-iii  r.-s  inrle^  «  ::  L?  r':'3z:d  there  is  5: 
n.^:.:jHT  frorr:  o-er-rVwilnz  *:  =^Jk.  No  £T*iii  is  siven  the  dav  the 
r.or-^  c'^rr.e  or:  V:ari.  !::::  sinrlT  &  mash.  01  bran,  whieh  is 
C'/r.-ii'ivred  t:.e  r.-?^t  La''  :nal  i"^:-:-:  &:  sea. 

P'*'/.-  the  rr.en.  y.~Lii  and  hazizi-i-ois  are  senerallT  need. 
SrA:i'!;:ijf  bruikr  are  :oci'i:.>  r-e  ^err  obje^TGonatle,  on  acconntof 
the  'iiScultv  of  keei^ir.z  then  clean-  Hamn«3cks  are  r^arded 
a>.  pretVrrable  for  men  in  ^'-i-l  health,  while  manv  otBcers  consider 
it  f^'r=t  to  provide  neith^rr  hamn;«.ioka  nor  bunks,  bnt  to  allow  the 
rr.':ri  to  lie  down  on  the  fore-decks,  with  their  blankets  and  OTe^ 

COatii. 

When  the  transpK^rte  are  nnmerjus,  each  one  should  hare  ob 
t:;e  -tartKiard  and  Iarb<:*&rd.  and  on  a  bm^ad  pendant  at  the  top  of 
the  rnain-maet,  an  ea&ilv  distin^ished  number.  Bv  means  of 
the^j  nnmberg,  which  are  marked  on  the  bills  of  lading,  the 
di.nporable  resources  of  the  exj>e<3icion  are  known  at  any  time. 
Vesr^-'lfj  carrying  ^ome  particular  flag  should  be  sj)ecially  appro- 
jiriated  for  the  transj>ortation  of  powder,  fire-works,  and  ammuni- 
tion, which  may  be  separated  from.the  pieces. 

DijjKMBAKKixG. — ^Tlic  picccs  required  to  act  against  the  enemy 
at  on  re  are  first  di>em  barked,  and  the  remainder  of  the  carco  is 
tak'.n  out  in  the  inverse  <»nler  in  which  it  was  placed  upon  the 
vcftsclri.  Tlie  wagons  which  are  to  serve  as  transpiortation,  are 
jMit  together  as  quickly  as  possible.  Tlie  different  articles  are 
]»laced  together  by  kind,  at  a  sufficient  distance  from  the  beach,  in 
ordi-r  not  to  ernliarrass  the  landing.  All  necessary  precaution 
Khouhl  be  taken  with  the  powder  and  ammunition  which  is  not  to 
be  transported  immediately,  to  prevent  confusion,  damage  and 
accidents. 

If  it  becomes  necessary  to  tranship,  or  leave  any  articles  upon 
tlio  vcrisolp,  the  facts  should  be  carefully  noted  on  the  manifests. 

The  ships'  crews  are  used  in  embarking  and  disembarking, 
using  for  these  purposes  the  yard-arms  and  tackles.  It  is  ordina- 
rily sufficient  to  furnish  them  with  rollers  and  skids,  in  order  to 
jjlacc  the  articles  convenient  to  the  tackle.  Under  some  circum- 
stances, it  becomes  necessary  to  establish  bridge  abutments, 
shears,  gins,  &c.  For  the  want  of  the  ordinary  means,  a  temj>o- 
rary  crane  may  be  established.  To  do  this  a  long  mortise  is  cut 
in  a  beam  about  i  of  the  distance  from  its  end,  and  upon  the 
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j^QDil  is  fixed  a  franio-worlc,  fiirnUh^l  witli  a  strong  Tcrtical 
pin.  The  beam  is  laid  on  this  frame  with  tlie  pin  in  the  mortise, 
like  an  urdinarj-  pintle,  bat  in  Bnoh  a  way  that  the  ends  of  the 
bfum  can  bo  ruined  and  lowered.  Tlit  shorti'st  part  of  the  beam 
id  tbun  turned  towards  the  btad,  and  the  ilitTercnt  wviglit*  being 
alting  to  it,  arc  rai*ed  by  lowering  the  opiKwite  end.  ppcriouBly 
raifted  to  make  the  laabings  shorter.  Tlie  beam  it)  then  turned 
ariMind  on  its  pintle  nntil  tJie  weight  in  in  the  proper  poslti'^n, 
when  it  is  lowered  gently  and  nnlashed.  If  a  tree  or  beam  til  for 
the  j>nrpc>Ms  eannut  be  obtaiuL'd,  Mivcral  itniaU  piiM^ce  mar  be 
laiiied  and  pinned  togcUier. 

Uailkoaj)  Tuaxsi^ktatiok. — In  railroad  tnuiKportHlfon,  when 
ievcnil  truin»  are  rocjuired,  tliey  should  be  in  proportion  to  the 

•over  of  the  en>pnee  employed,  and  full  loads  «lioQld  be  plaeed 

1  them  regardleiui  of  the  divittionri  made  in  the  command,  eueh 

t  batteriffii,  half-battcrien,  >eetioni,  &c. 

Tlie  men  are  provided,  before  starting,  with  proriBion*  to  last 
ring  tlic  trip,  which  should  bo  cooked  and  carried  in  the  ha%'c«^ 
The  canteens  are  lilled.with  water;  the  French,  in  warm 
weather,  mixing  brandy  with  it.  Aa  the  borKcs  can  oat  in  the 
wagniM,  evim  whilst  tbo  train  is  in  motion,  hay  (]'rc8M.-d  if  poa- 
Mblv)  should  be  distributed  at  the  nitu  of  about  S,  H,  or  S4  IbK 
]'CT  horfte,  aceording  aa  the  trip  is  to  laiit  less  tlian  12,  between 
1:1  and  Si,  or  more  tliaii  24  houra.  A  feed  of  uats  (.half  a  ration, 
t'>  Iba.)  is  carried  in  bags  and  placed  in  the  bagga;!^  wagons.  It 
sliouh)  not  be  giren  to  the  Imntea  on  the  road,  but  oAer  they  have 
arrived  at  the  terminus. 

Tlie  honua  are  carried  in  eattle-ean>,  or  if  poMiblc,  in  box -ears, 
■■-  iiioh  are  eorcrod.     Tliey  uro  provided  with  burs  at  the  doors  to 

:  r.'veni  the  horses  from  backing  out  when  Ihe  door*  arc  opened. 

I  :y  taking  care  to  kocp  thu  horves  quiet,  lioweTer,  tliriw  ban  may 

:  <■  dii)i>cn*vd  with.    Tlie  saddles,  &c~,  the  valises  of  the  driver*. 

iiid  the  bags  of  oat*,  arc  placed  in  the  baggage  can,  which  shmild 
be  provided  with  brakes. 

The  "  material  ^  is  carried  on  tracks  or  oommon  platform 


Hie  cifmmand  shonid  hn  at  the  station  at  Icaat  two  bonn  be- 
fore starting.  The  horves  sliould  have  fluisbed  feeding  aliout  two 
boon  prwiuus  to  their  arrival  at  tlie  station,  as  they  are  then 
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more  docile.  The  baggage  ^liuulJ  arrive  half  an  hour  before  the 
command,  under  charge  of  an  officer,  and  be  loaded  under  the 
direction  of  the  employes  of  the  road. 

The  cars  should  be  arranged  as  near  as  possible  in  the  follow- 
ing order:  1st,  a  baggage  wagon;  2d,  a  truck  carrying  the 
]>cam&,  platforms,  ikc,  necessary  in  disembarking ;  3d,  the  horse- 
cars  ;  4tli,  the  cars  for  the  men,  one,  at  least,  of  which,  should 
be  provided  with  a  brake ;  6th,  trucks  loaded  with  material ;  6th, 
baggage  cars  (with  brakes)  loaded  with  saddles,  &c.  Cars  with 
brakes  should  always  be  placed  at  the  head  and  tail  of  the  train. 

Guards  should  be  detailed  and  so  stationed  on  the  train  as  to 
preserve  order  both  when  in  motion  and  during  stoppages.  The 
commanding  officer  should  pay  especial  regard  to  the  wishes  of 
those  having  tlic  train  in  charge,  and  enforce  an  observance  of  the 
road  regulations  in  his  command. 

On  arriving  at  tlie  station,  the  commander  at  once  divides  his 
command  and  material  into  the  portions  to  occupy  the  different 
cars. 

Horses. — An  officer  is  detailed  to  superintend  the  embarka- 
tion of  tlic  horses.  lie  furaishes  each  car  with  two  bundles  of 
litter,  and  places  forage  along  the  long  side  of  the  car  opposite  to 
tlie  door.  A  non-connnissioned  officer  is  charged  with  loading 
the  saddles,  etc. 

llie  men  are,  under  an  officer,  fonned  into  detachments 
proportional  to  the  importance  of  tlie  material  to  be  embarked. 

In  a  battery,  the  front  and  middle  teams  are  unliitched  and 
assembled,  under  charge  of  a  non-commissioned  officer,  with  the 
saddle  liorses,  in  a  convenient  position  near  the  station.  Tlie  ca^ 
riagcs  are  drawn  up  near  the  cars  by  the  rear  teams,  which  arc 
then  unliitched  and  ])laced  near  the  others.  Tlic  horses  arc  divided, 
according  to  the  capacity  of  the  cars,  into  groups,  so  that  those  of 
any  carriage  may  be,  as  much  as  possible,  placed  together.  The 
several  groups  arc  arranged  in  front  of  the  cars  they  are  to 
occupy. 

The  saddle  horses  and  near  horses  of  the  teams  are  unsaddled, 
])Ut  not  unbridled.  In  bad  weather  the  blankets  may  be  placed  on 
and  secured  with  the  surcingles.  The  harness  is  left  upon  the 
draft  horses,  and  the  traces,  breeching,  ic,  lashed  to  the  collar 
in  such  a  way  that  the  whole  will  be  fixed  as  compactly  as  possi- 
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iif  in  rc*r  of  the  horses'  hreaiits.   TIip  cTii]);it>r,  hrcafit-strap,  girth. 

Hid  lilaiilcel,  ftrc  ['InctMl  togvtiivr  on  tli«  Rliabrnc  an<l  secured  with 

Kibe  Burringle.    Tlie  elirniiM  are  tie<l  ttigotlier.    Tbo  saddlM.  m 

m$magd,nre  varrieA  and  Inid  on  Uie  ground  at  a  dctugnftttMl  point 

tar  the  hagga^wogon,  ae   are  alfio   the   valisce,  &c.,  of   tim 

\  driren. 

As  soon  Be  tbo  horses  of  the  first  carriage  aro  ready,  tlic  offircr 
I  cbargo  of  thu  horwa  dirccis  the  loading  to  commence.  Tito 
■driver  of  tlte  leading  tcau>,  auifrti-d  l>y  aiiuthcr  man,  lea<ls  s.uc- 
•ely  hi*  two  bones  in,  lowering  their  head»  to  dear  the  top 
tut  thu  door,  and  placing  tlicin  nt  tlie  right-hand  end  of  the  car, 
Flrilli  tlicir  heodii  on  thu  side  opposite  to  the  door.  The  driver  of 
ifliu  second  team,  iii  like  manner,  places  his  horses  at  the  opjKisito 
1  of  tlie  ear.  The  driver  of  the  third  team  ploces  in  his  horacs 
lind  (he  snddlu  hone  belonging  to  the  carriage.  The  driven* 
Iromain  in  the  car.  If  there  are  four  teams  in  place  of  Uiree,  and 
I  tbe  car  not  largo  eo'iiigh  to  hold  them,  the  nMiiaiiting  team  alionld 
I  be  plw^d  in  the  noxt  car.  Should  any  horMj  n^stRt  entering,  tbo 
Lnexl  one  should  he  taken  and  the  refractory  animal  led  in  imme- 
Idlately  behind  him.  Tlio  docile  bon>cs  should  as  mncb  as  poasi- 
I  ble  be  placed  in  fir>t,  mid  niitd  mentui  are  employed  in  preference 
to  any  ulhcr  in  inducing  thmn  to  enter. 

When  the  lant  lion>«  eiit<-nt,  the  cannoneers  on  the  ont»ide  place 
in  the  bar,  remove  the  rump,  and  eloso  the  door,  afti^  wliich  iho 
bar  is  nmiuvrd  and  powtd  to  the  men  inside  the  car.  Tliu  bonws 
are  lied  to  tbo  head  liar  with  the  haltM  strap,  which  rnnhln  Ounn 
t»  Iw  nnbriillL-d,  if  the  onicr  should  be  given.  In  tliis  ease,  tbrw; 
ur  four  hridh-*  urc  nnitt-d,  tied  togftlu-rneartlie  hfsd-slalls  by  the 
ruins  iff  one,  aikd  attiiched  to  one  of  the  bam  of  the  car  near  thu 
f..mor,  by  the  same  mins.  The  awnings  with  which  the  cars 
kh»ald  \>c  provide*),  should  be  lefl  up,  unleM  tliu  slate  uf  tlte 
weather  rvfjuirM  them  to  he  IH  <lown  on  either  ride.  ^Vheu  the 
hut  car  is  not  completely  fillwl  with  h<ir»*-s.  they  mont  be  keiil  in 
iilace  in  one  or  two  group*,  by  bars  plar^-d  aercvst  ilie  car  iu  the 
>.jine  manner  as  thu  door-hatv.  Two  morable  seats  ahoold  bo 
]Twvidetl,  for  sealing  two  of  the  men  left  in  each  rar, 

ICaeb  oar  of  men  or  burMv  is  placed  in  charge  of  m  non^om- 
iiiisaioned  uffloer,  or  the  oldest  soldier  io  it    Ilia  dnty  m  nbief  of 
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the  car  is  to  maintain  good  order,  and  to  see  to  the  execution  of 
all  directions  that  are  given. 

Saddles,  &c. — ^The  non-commissioned  officer  in  charge  of  the 
saddle  car,  has  the  saddles  loaded  by  placing  one  man  in  the  car, 
who  packs  them  away  as  tliey  are  handed  to  him,  packed  and  tied 
up  as  directed,  by  another  man  outside.  The  first  saddle  is  placed 
upon  a  bundle  of  straw  with  the  valise  resting  against  the  side  of 
the  car ;  the  saddles  of  the  other  teams  belonging  to  the  same  car- 
riage, are  piled  on  top  of  this  in  their  proper  order.  The  saddles 
of  the  other  teams  are  piled  successively  in  the  same  manner,  so 
as  to  form  separate  piles  for  each  carriage.  The  oflicers'  saddles 
are  placed  on  top  of  the  piles.  The  chief  of  tlie  car,  with  two 
assistants,  inside  the  car,  takes  a  memorandum  of  the  arrange- 
ment adopted. 

Carriages. — ^Trucks  are  the  most  convenient  vehicles  for  the 
transportation  of  tlie  carriages  of  a  battery.  Two  field  carriages, 
one  and  a  half,  or  a  single  one,  can  be  placed  on  one  truck,  accord- 
ing to  its  size. 

The  carriages  are  unlimbered  and  placed,  just  as  they  are,  upon 
the  trucks.  The  following  are  the  principles  which  should  govern 
the  manner  of  loading.  Ist.  Tlie  weight  should  be  distributed 
ecpially  over  the  surface  of  tlie  truck,  occupying  the  least  space 
possible.  2d.  Arrange  the  carriages,  in  such  a  way  that  the  ends 
of  the  tongues  and  the  extra  wheels  shall  not  project  beyond  the 
edge  of  tlie  truck;  and  3d.  Consolidate,  by  chocking  and  lashing 
with  great  care  every  part  of  the  load  in  such  a  way  that  the 
whole  is  rendered  perfectly  solid  and  finn  in  position. 

With  trucks  14'  long,  two  arc  required  for  every  three  carria- 
ges. They  are  loaded  at  the  end  by  placing  on,  first,  the  rear 
train  with  the  stock  to  the  rear,  and  runnhig  it  forward  until  the 
wheels  strike  the  front  end  of  the  truck,  when  the  stock  is  rested 
on  the  floor.  A  limber  is  then  placed  on  with  the  tongue  to  the 
front  and  raised,  and  run  forward  until  its  wheel  touch  those  of 
the  rear  train  already  in  place  ;  a  second  rear  train  is  now  put  on 
with  the  stock  to  the  front  resting  on  the  floor,  taking  care  not  to 
allow  its  box,  if  it  has  one,  to  touch  that  of  the  limber  in  front  of 
it.  In  like  manner,  a  rear  train  and  limber  are  placed  upon  the 
second  truck.     The  third  limber  is  placed  in  the  rear  with  its 
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n^e  to  the  front,  and  routing  on  tlie  flix^r,  nnder  tlie  carriBf^e* 
Kodr  on  tlie  truck. 

Witli  tTDc-ks  17  fcvt  luug,  two  carriages  can  Lc  placed  on  a 
|nf;le  one.  In  llus  caac,  the  rt^ar  train  ie  placed  on  »»  before,  but 
e  limhcr  i«  hacked  towardi*  it  till  the  wheL-l>>  touch,  or  if  puMti- 
iverlap  thoee  of  the  rear  train,  aud  (he  tongue  is  rented  ou 
e  floor ;  the  eeoond  limber  is  placed  on  in  the  Nune  wa)',  and 
e  second  rear  train  with  ite  stock  to  the  front,  resting  on  the 


Whi^n  these  trucks  arc  so  situated  in  the  depot  that  tlicy  cannot 
•  loaded  from  the  end,  tlic  carnages  are  tirst  placed  upon  the  sec- 
ond truck,  from  which  they  are  croascd  lo  the  liret  on  a  hridgo  ' 
comiiiunicAtiDg  between  the  two,  and  arranged  on  it  as  alrt«dy  d&- 
ribed.    The  M>cond  truck  is  loaded  like  the  first,  by  niuking  luo 
f  a  third,  and   so  on.     Tlie  last  truck  is  loaded  as  liureafter 
icribed,  for  those  which  can  he  loaded  only  at  tlie  eidc. 
Trucki)  which  can  be  loaded  only  at  the  side,  should  be  at  least 
I  feet  long  to  carry  a  carriage  and  a  half,  and  W  feet  for  two 
riagPH.     Til  load  the  former,  place  two  rear  trains,  or  a  Umbur 
i  a  rear  train  Buceessivclr,  in  position  at  the  ends  of  the  tmck, 
■  bvforc  di«cribed,  with  the  stuck  or  tongoo  to  the  rear,  and  reat- 
1  the  floor.     Then  introduce  between  these  two  a  limber, 
[KtDg  il  by  hand,  with  the  tongue  up  so  as  to  pau  one  of  ita 
^cela  over  the  tongue   and    stocks   of  the   traitis   already  ia 
Mition. 
Fur  tJie  trucks  19  feet  long,  the  first  carriage  is  cstabli«hed  at 
fnd  of  the  truck,  as  described  with  the  truck  14  feet  long. 
c  rear  train  of  the  second  carriage  is  placed  iu  the  sainH  way  at 
be  other  end,  and  its  limber  is  passed  in  by  hand  with  the  tongue 
:,  pnssiog  one  of  ita  wheels  over  tho  stocks  of  the  roar  traius  to 
t  it  into  its  |>osition. 
Ill  trucks  \vM  than  fifteen  feet  long,  which  can  be  loaded  only 
t  the  Bldi%  the  two  jtartt  of  a  carriage  are  placed,  one  at  each 
1,  th«  atock  and  tongue  to  the  rear,  and  iheii  placed  closer 
r  by  making  Uie  wheels  on  one  side  overlap ;  the  slnck 
I  the  floor,  tho  tongue  elevated.     In  ^me  caaea  the  spare 
I  taken  off,  and  citlier  laid  flat  on  the  flocir  or  loantsd 
ftgahtat  one  of  the  carriages. 

Daring  tho  operation  of  loading,  the  tongues  should  bo  LtiM 
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by  a  sling  fixed  at  the  end.  They  are  afterwards  strongly  lashed 
to  one  of  the  parts  of  the  rear  train  already  on  the  truck.  The 
lunettes  of  the  caisson  stocks,  which  are  provided  with  extra 
tongues,  rest  upon  blocks  liigh  enough  to  prevent  tlie  weight 
bearing  upon  tlie  ends  of  the  tongues,  and  consequently  on  the 
keys  whicli  liold  them  in  position  in  their  stirrups. 

As  soon  as  a  truck  lias  received  its  load,  the  wheels  of  the  dif- 
ferent trains  are  locked  together  with  cord  from  .6  to  .6  inch  in 
diameter,  chocks  are  placed  under  the  wheels  and  nailed  to  the 
floor,  and  the  stability  of  the  whole  secured  by  tying  the  carriages 
to  the  rings  of  the  truck.  Straw  ropes,  or  other  means,  are  made 
use  of  to  prevent  friction  between  tlie  parts. 

The  Men. — ^The  men,  with  their  knapsacks  and  side-arms,  are 
divided,  under  the  superintendence  of  an  officer,  into  portions 
corresponding  to  the  capacity  of  the  cars.  Each  division  is  con- 
ducted promptly  to  the  car  it  is  to  occupy,  the  men  entering  first 
going  to  the  end  farthest  from  the  door,  and  so  on.  Tliey  seat 
themselves,  holding  their  arms  between  their  legs,  the  stock  or 
scabbard  resting  on  the  floor.  Fire-arms  should  never  be  laid  on 
the  seats  or  stood  in  comers,  except  when  leaving  the  cars  at  the 
principal  stopping  places  and  stations. 

XuMBERiNG. — Tlie  commanding  officer  should  cause  each  car 
to  be  marked  in  chalk,  witli  the  number  of  the  piece  to  which  the 
men,  horses,  and  baggage  occupying  it,  belong. 

Inspecting. — Immediately  before  starting,  the  commanding 
officer  and  conductor  of  the  train  inspect  tlie  cars  to  ascertain 
that  every  thing  is  in  order.  Tliey  should  see  that  the  couplings 
of  the  cars  containing  the  "  material "  are  short  enough  to  insure 
the  contact  of  the  bufiers. 

The  officers  then  enter  the  car  assigned  them. 

Kegulations. — ^Tlie  command  being  all  aboard,  the  men  arc 
strictly  prohibited  putting  their  heads  or  arms  out  of  the  car 
while  it  is  in  motion  ;  passing  from  one  car  to  another  ;  uttering 
loud  cries  of  any  kind ;  and  from  leaving  the  cars  at  the  station 
before  the  signal  for  doing  so  is  given. 

The  men  with  the  horses,  keep  them  from  putting  their  heads 
outside  the  car.  Tliey  feed  them  with  hay  from  the  hand,  until 
they  get  used  to  the  motion,  hold  them  by  the  bridle  or  halter,  and 
quiet  their  fears  whilst  the  locomotive  is  whistling.     In  case  of 


taiy  ncciiluiit,  tlu-y  iiiakc-  a  signal  outeido  tlie  car,  by  waving  a 
liaiiilkeKliifJ'. 

If  at  any  atatiaa  tlie  commander  deems  it  iicce»ear}'  for  tliu 
men  to  leave  the  care,  after  the  time  indicated  by  the  conductor, 
lie  informa  the  officers  of  the  length  of  the  halL  lite  officers 
'  remain  in  the  vicinity  of  the  cars  containing  their  men,  in  order 
'  to  direct  and  govern  their  movements.  The  giiani  poata  eentinels 
I  wlitfrcver  it  ih  nocoMnrj-,  especially  at  tlio  doors,  to  prevent  the 
I  men  from  gatlienng  near  or  opening  Uiom. 

At  a  given  signal  on  the  hiiglc,  the  men  leave  tlio  can  in 
I  order,  and  without  eide-anns.  Tlie  men  in  tlic  horae-ean  get  out 
[  over  tlic  aide.  If  it  heoomea  nceea#iLry  to  open  tlie  doora  of  these 
I  «ara,  the  door-bars  are  flrnt  placed  in  position. 

About  the  middle  of  the  trip,  aa  near  ae  poHsiblo,  the  police- 

I  guani  and  men  with  the  horses,  are  relieved.     At  ouch  halt  of 

I  more  than  ten  minntea,  the  commander,  or  some  other  offlocr,  and 

the  conductor,  inspect  tlie  care,  and  eepecially  those  which  carrj 

the  ammnnition  wagons. 

Five  minutes  before  starting,  a  bugle-call  gives  tlie  signal  for 
entering  the  cars.  At  the  station  immediately  preceding  the  ter- 
miana,  the  horses  arc  bridled,  and  the  forage  is  collected  and 
fonncd  into  one  handle  for  each  car. 

Daring  fei-iling  time  there  should  bo  at  least  one  man  to  every 
two  hortK^-car*.  In  general,  oat»  shoald  bo  dtstributt-d  only  after 
the  horses  leave  the  can.  Iluy  u  fed  by  hand  by  the  drivers 
whilst  the  train  is  in  motion.  In  ordinary  weather,  the  horaos 
ant  watered  only  when  the  trip  exceeds  twelve  honnt;  and  even 
In  this  ease  they  nee<l  but  little,  and  a  single  ordinaiy-eized  imU- 
ful  siifBccs  for  two  horses. 

I'xuiAmKO. — On  arriving  at  the  terminus,  the  officers  leave 
the  cars  first,  and  a  bugle-eall  ^vea  tlio  signal  for  the  men,  The 
ofBcera  assemble  tlie  t-annonivr^,  with  their  knajiaacks  and  side- 
amis  on.  and  form  them  into  detachments  according  to  the  num- 
ber and  poettiim  of  the  diM^harging  |Miints. 

Tlie  offictT  who  inperintcndcd  the  embarkation  of  tho  bonea, 
■asvmblcs  the  drivers,  and  if  ni-ei^seary,  Mme  of  the  cannoneers, 
and  marches  them  to  tlio  )Kiiut  whore  the  horses  are  to  be  dis- 
ehargud. 

To  prevent  accidents,  it  Is  well  to  provide  one  or  leveral  mov- 
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able  hri'l^es  lor  discLai^ring  iLe  horses,  which  are  carried  on  the 
train.  TLev  are  about  ebctcx-n  feet  Ions*  a  little  wider  than  the 
car  di>jr.  and  are  pr<>vide*l  with  hand-rails  or  ropes,  movable 
at  will.  The  bridge  is  sapjiorted  at  its  upper  extremitr  by  a 
movable  horse  of  a  height  corresponding  to  the  sill  of  the  door, 
and  tlic  cars  are  unloaded  by  passing  them  in  succession  in  front 
of  this  bridge.  The  horse  may  be  suppressed  by  fixing  to  the 
forepart  of  the  bridge  two  strong  danges  of  iron  which  rest  upon 
the  iliX'r  of  the  car,  and  the  bridge  is  applied  in  succession  to  each 
of  the  cars  to  be  unloaded. 

Tlie  non-commissioned  officers  in  charge  of  the  freight  care, 
immediately  on  arriving  at  the  station,  have  the  harness  unloaded 
and  placed  in  jK^rtions  as  originally  divided  in  the  cars.  The  mate- 
rial is  discharged  by  the  inverse  means  used  to  load  it.  As  soon 
as  the  horse-cars  reach  the  proper  position,  the  men  fix  the  mov- 
able bridges,  open  the  doors,  and  bring  the  horses  out  in  the  in- 
verse order  in  which  tliev  entered.  If  the  horses  have  to  be  taken 
out  of  the  same  door  thev  entere<:L  the  first  two  are  backed  out, 
and  the  rest  follow  after  making  a  half  turn.  As  soon  as  &  rear 
team  is  disengaged  it  is  taken  to  the  place  where  the  harness  is 
<lcpo»ited,  and  liamessed  to  a  curriage  which  is  conducted  to  tlie 
]»arkj  wliere  tlie  harnessing  is  completed. 
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CHAPTHU    XIII. 


ATTACK    AND    DEFENSE    OF    FOnXII-TED 
TLACEy. 


SiKREs. — The  mege  of  fortified  places  IiftB  alwars  coneiktod  in 
dvstmyiiig  tlic  dcfuDMK  fmm  a  distance,  by  meuis  uf  I^rgo  pro* 
jcclile  macliiiiea,  aiid  efiectiug  a  lireacli  io  tbo  tuII  for  the  par- 
poM  of  entering  the  place. 

In  the  early  dojs  uf  artilliTj-,  wlien  dcfL-nsiro  watU  wuro  very 
liigU,  tlivy  were  battorH  in  bn-ach  with  stone  bftlls  from  1^  to  S5 
Indict  in  (linmi'ttT.  after  wliieli  ttie  dik-b  wu  filial  np  and  tlic 
place  Htonned.  Mention  i»  made  of  mioIi  balU  at  tlio  siege  of 
Metz,  in  tlie  latt*-r  parr  uf  tbo  funrteont})  CMitury. 

T)kc  walU  liavinfT  been  Ia>««ned  in  beight,  and  enpported 
bebind  vitb  an  enrtben  embankment,  it  was  no  limber  po«ible  Io 
fnrm  tlio  breacb  from  a  difitanee.  and  tbe  ate  of  clone  ball«  having 
bei-n  abandoned,  mines  wero  rueortvd  to  for  the  pur]>uM)  of  blowing 
down  the  walls. 

Cael-iron  balls  tlicn  coming  into  iifc,  ihey  were  employed  to 
malceouU  in  the  muonry,  instead  of  battering  it  down  an  fomicriy. 
ThU  method,  fint  invvntc*!  by  llie  Turk^  wan  improve*)  by  Vau- 
ban,  whow  experience  »bi>wi-il  him  that  the  breaehm  tio  foniiod 
won  more  rc^Ur  and  made  more  rapidly  than  by  the  lue  of 
Bunet. 

Up  to  that  |ieriod,  the  fire  of  the  artillery,  direrted  npon  tlic 
piMie  tit  ibo  bcfiirgcd  and  the  interior  edificcw,  expended  ita  effect 
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more  upon  tlie  inclt>sed  cities  than  upon  the  fortifications  sniroimd 
ing  them.  The  ricochet  fire  was  employed  with  foil  effect  at  this 
time  in  dismounting  the  enemv's  pieces ;  and  the  war  of  sieges 
was  carried  to  the  highest  perfection  under  its  illostrions 
founder. 

A  besieging  armv  is  generally  divided  into  two  corps,  one 
charged  with  the  siege,  the  other  with  holding  the  surrounding 
country,  for  a  short  distance  from  the  place.  Sometimes  the 
besieging  army  is  covered  by  a  corps  of  observation,  in  which 
case  tliere  is  no  necessity  for  its  being  so  numerous  as  when  it 
acts  alone. 

Tlie  artillery  necessary  for  tlic  attack  of  a  place  constitutes 
what  is  called  a  siege  equipage  or  train.  The  strength  of  it 
depends  upon  the  importance  of  the  place  to  be  attacked  and  the 
resources  at  hand.  For  besieging  the  strongest  places,  the  French 
prescribe  an  equipage  of — 

40  24-pd.  guns.  15  22*  mortars  (S.78  in.). 

40  16    "  (U.  S.  18).  12  stone  mortars. 

40  22«  howitzers  (8.78  in,).    12  15«  mortars  (5.95  in.),  and 

15  27*  mortars  (10.79  in.).    60  rampart  muskets. 
A  double  attack  would  require  about  200  cannon.    The  largest 
guns  and  howitzers,  and  smallest  mortars,  are  provided  with  about 
1,000  rounds  of  ammunition  each.     The  large  mortars  with  750 
rounds,  and  the  stone  mortars  with  500  rounds. 

In  this  country,  where  the  permanent  works  are  so  different 
from  those  in  Europe,  it  is  difficult  to  lay  down  any  positive  rules 
for  the  formation  of  siege  equipages.  The  number  and  kind  of 
pieces  must  be  determined  by  the  circumstances  of  each  case, 
taking  into  consideration  the  strength,  position,  and  condition  of 
the  place  to  bo  attacked.  For  the  general  principles  on  which 
estimates  for  a  siege  train  are  made,  sec  Ordnance  Manual,  pp. 

An  army,  no  matter  how  large,  seldom  carries  along  with  it 
all  tlie  necessary  means  for  a  siege ;  and  when  fortified  places 
obstruct  the  march,  the  attack  is  carried  on  with  such  pieces  as 
can  be  obtained  from  the  adjacent  places  in  our  possession;  and 
generally  tlie  means  made  use  of  at  sieges  is  far  below  the  esti- 
mate which  would  be  made  were  everj^thing  to  be  had  close  at 
hand. 
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Permanent  worka  can  be  reduced  only  by  tlie  heaviest  siege 
|«ieees,  snch  aa  19  and  2'l-[>d.  giinn,  8-in.  liowitzon  and  mortars. 
']1\'-  amonnt  of  animuDition  will  of  coarse  vary  according  to  cir- 
inrifitnnccH.  If  possible,  the  18  and  24-pdr«.  sliould  be  fumisliod 
«itli  1,iXJ0  rounds;  the  l:;-iKlr8.  with  agrcatBrnumbor.  Tho»-in. 
buM'itzura  and  mortars  with  8U0,  and  tho  covliom  and  10- tn.  mortars 
with  (iitif.  Each  yun  should  be  providcO,  in  mlditiun,  witli  50 
rouiiiiM  of  gru[>o  and  canister,  and  100  of  siiherical-coM  shut. 

MiLrrAKY  Ki:Xx>XHoi»8ANCic8. — ()n  approacbiugafortifii^  place 

during  a  march,  or  in  endeavoring  to  ascertain  the  poaition  and 

torcc  of  the  enemy,  the  resources  of  Uie  conutry,  &c.,  frequent 

_  rceounoissaoccs  have  to  bo  made.      These  are  of  three  different 

kindi*: 

lift.  Tliv  daily  roconnoissanctis  necessary  for  the  safety  of  th« 
camps,  [losts,  &c.  Their  object  is  to  discover  the  movements 
and  preparations  of  the  enemy  and  the  dispoeilion  of  his  advanced 
pOHta.  They  ar«  made  by  small  detachments,  and  by  patrols 
from  tho  main  guard.  Tlioy  slir)uld  not  ho  nuido  at  tho  same 
hour  every  day,  nur  by  the  ttamo  routM. 

3d.  Special  rcconnoisiiancoB  dostgned  to  ascertain, — the  topo< 
grapliy  of  tlie  country,  and  the  means  winch  it  can  fumi«h  for 
attack  and  defonso;  tlie  {losition  of  tho  enemy,  and  his  strength 
at  difTerunl  points  ;  and  in  Una,  to  fumiAh  the  information  neces- 
sary for  tlio  dot erii I  i nation  of  the  method  of  operating,  moving 
the  different  columns,  &c.  Tltcsc  rcconnoiseaucvs  arc  conducted 
in  accordance  with  instructions  from  tho  gcncral-in-cliicf,  tlie 
(-'>mmandora  of  separate  corps,  divisions,  ifcc. 

3tl.  Offi'nsivo  reconDoissaDcM,  which  ordinarily  should  be 
'r<lend  only  by  tho  goueral-in-chiuf;  for  the  ])urjKM«  of  ascer- 
'  lining  as  acimnttuly  as  possible,  tlio  position  and  strength  of  the 
enemy. 

The  result  of  every  reconnoiMaiico  sliouM  he  presented  in  R 
clear,  simple,  and  piMJtive  report.  Tlie  ufflcer  making  it,  most 
Mtproesly  dislinguiidi  lK>tween  what  ho  has  seen  himself,  and  what 
ho  boA  h<amed  from  others  without  being  able  himself  to  verify 
the  accuracy  of  it.  Ho  adtls  to  tho  report,  the  drawings  ncce*' 
•ory  to  tvprcacnt  the  ground,  the  [losilitins  of  the  enemy,  &c. 

Troops  making  a  rvconuotssanco,  the  object  of  which  is  simply  , 
to  see  and  obeer>-c  should  Did  be^^^niti  com  prom  iMil  or  even  seen;  ' 
they  should  move  witli  precaulioR,  liavo  an  advanctvguard  and 
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Bcoiits  out,  and  become  engaged  only  when  forced  to  it,  in  order 
to  make  prisoners  when  there  is  no  other  means  of  obtaining  in- 
formation, or  when  they  encounter  the  enemy  marching  against 
their  camp;  in  which  case  tliey  give  warning  by  preconcertoi  sig- 
nals, such  as  a  burning  hay-stack,  bonfires,  &c. 

To  examine  an  enemy,  choose  the  morning,  when  everything 
in  his  camp  is  in  motion ;  observe  the  camp  fires,  the  defensive 
works,  the  position  of  the  parks,  cavalry,  &c.  Take  up  a  position 
on  the  flank  of  his  column,  and  count  the  number  of  his  battalions, 
squadrons,  and  batteries ;  note  the  space  which  they  occupy,  the 
time  they  take  to  march  past,  and  the  order  of  march. 

For  the  topography,  establish  in  advance,  from  the  maps  of ^ 
the  country,  rough  sketches  upon  a  scale  large  enough  to  be  able 
to  figure  in  details  at  sight,  and  to  delineate  various  distances 
and  differences  of  level.  Telescopes  and  compasses  should  be 
carried  along  with  the  party,  which  should  also  be  furnished  with 
good  guides. 

In  making  a  reconnoissance  without  instruments,  the  survey 
is,  of  course,  much  less  exact  than  when  they  are  used.  The  dis- 
tances are  often  measured  by  the  pace,  and  many  details  inserted 
in  the  sketch,  estimated  simply  by  the  eye. 

A  rough  sketch  is  first  made  from  tlie  maps  of  the  country. 
If  the  ground  is  open,  a  high  level  position  is  chosen,  from  which 
a  great  extent  of  country  can  be  viewed ;  when  practicable  dis- 
tances are  measured  with  the  chain,  large  triangles  are  formed  in 
such  a  way  as  to  obtain  points  near  the  center  of  the  sketch,  and 
these  points  are  afterwards  made  use  of  to  form  smaller  triangles, 
by  intersections,  offsets,  &c.  Tlie  intermediate  details  are  inserted 
from  the  step  and  the  eye. 

In  a  wooded  country,  the  method  of  examining  with  the  eye 
and  step  is  often  the  only  practicable  way  of  making  the  survey. 
To  lessen  the  errors  as  much  as  possible,  the  principal  lines  of 
direction  should  be  determined  with  care,  as  well  as  the  points  in 
which  they  intersect,  and  the  sides  of  the  inclosing  perimeter  mul- 
tiplied with  the  compass,  so  as  to  verify  the  result. 

Tlie  configuration  of  the  ground  is  of  essential  importance  in 
a  military  reconnoissance,  in  order  todetennine  a  proper  distribu- 
tion and  employment  of  the  different  arms,  and  the  positions  for 
batteries,  from  a  knowledge  of  the  inclination  of  the  slopes,  the 
height  of  the  hills,  &c. 


RIX-OXSOLSKAXCES  435 

The  principles  laid  down  f>ir  making  a  ro^lnr  stin-i-y  slionM 
foDuwcd  as  runL-h  as  poaaible,  in  fnrminfc  iLe  map.  If  pressed 
time,  the  cotirenlioiml  tints  may  be  replaced  by  initial  k-ttcrs. 
'»tli»  arc  rt!pn.'wnl*!d  by  a  siuglo  line,  wliich  sliould  always  be 
of  Uio  Mint- Bizo,  und  tlic  thickness  proportional  to  tlieir  import- 
uicu.  Roa(I«  arc  ruprcH-ntL-d  by  two  lines.  Stroama,  wbicb  can 
l)u  represented  only  by  a  single  line,  are  marlcvd  in  blue,  which  is 
inoreiued  in  width,  aa  tbc  diiitanco  from  the  source  increases. 

Wlicn  a  more  acearate  survey  is  to  he  niado,  the  po^ilion  of 
the  points,  heights,  distances,  &c.,  are  determined  by  ordinary 
lying  instruments,  and  the  details  are  inserted  in  tlie  map  (of 
'llich  u  rough  sketcii  is  made  as  before),  after  personal  obeerva- 
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If  no  maps  or  instrntncntit  for  tnolcing  the  first  ekctch  are  at 
hand,  a  plane-table  may  be  made  with  paate-hoard,  or  a  plank, 
ftoi)  UMed  to  detemiine  the  poeition  of  the  moat  remarkable  points. 

WOf  these  cannot  be  made,  eonstruct  the  sketch  by  triangles  meaa- 

^Mnd  by  tlic  pace  and  by  alignment. 

^K     A  ivconnoissaticu  tliu  object  of  whicli  Is  to  present  »  plan  for 

^HBeapying  a  position  with  fortifier]  works,  enibraecs,  in  general,  a 

^bqaare  lurfaco  of  from  4,000  to  5,500  yards  on  a  side. 

■  *  A  point  is  ebosen  near  tho  center  of  the  ground  to  he  tur^'eved, 
which  can  be  readily  seun  at  a  distance.  Between  tlii«  jioiut  and 
the  limits  of  tlie  survey,  some  0  or  T  intcrmedialo  points  are 
estJiblished,  so  that  from  eaeli  of  them,  the  one  on  each  side,  as 
well  as  the  central  one,  can  be  seen.  Tliore  is  thus  formed  a  series 
of  triangles  around  the  central   point,  their  bases  constituting  a 

^  eircnntscribing  ]>olygon.     One  of  tltesc  han-t  is  measured,  eitlier 

H^  the  chain  ur  in  jiaeos,  and  tlie  bearings  of  tlie  differeot  triangle* 

Hnra  taken  with  a  compass. 

'  OlMcn'c  with  a  theodolite,  or  i»  tlte  absence  of  onc;,  with  a 
•oxUal,*  tho  inclinatiun  of  tliv  lines  passing  tbroogfa  the  cenlral 


■  Tk  frtaA  ban  a  ailnlilB  tllUa  loal  nimrnt.  railed  Ihv  itniimUiom  !•*«'.  nr  ittimttn, 
r-lMnBinticMislHtnthpflvliL  II(«ri>UUuflw..M)iw]1<>B«,.i ':«>diir(M>lipm 
ritfapjt  krpt  ■(■rllif  ■  matal  an.  i^ndoBleJ  in  ilvKTWa  In  biiib  dlrvMiona  (Mn  Um 
lidilia  luM.  YrvoL  Uni  pulM  f.'.  whlrh  U  tli*  vmtn  of  tfci  «v.  ■  motablo  limb  la 
L  IhrutabHl  at  thv  Unm  nd  *iib  a  vrrnlor,  by  lb*  aid  ulwbli'b  tb*  mUiolM 
Od  tbU  Umh.  anil  perpcsdkaUr  la  U,  U  fixod  a  ainaU  apirit  IitkI,  <-/,  and 
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point,  and  through  those  to  the  right  and  left.  As  the  length  of 
these  lines  are  known  from  the  construction  of  the  polygon,  calca- 
late  the  difference  of  level  between  the  different  points,  and  the 
results  will  verify  each  other. 

Tlie  ground  is  then  divided  into  sectors,  which  are  Burveved 
in  detail,  the  sides  of  the  polygon  serving  as  bases. 

A  sufficiently  extended  sketch,  often  accurate  enough  for 
military  purposes,  may  be  obtained  in  the  following  manner. 
Ascertain  from  the  inhabitants  if  the  country,  the  direction  of 
the  roads,  rivers,  and  canals ;  the  distances  between  towns,  and 
to  remarkable  points,  such  as  bridges,  cross-roads,  Arc.  Prepare 
in  this  way,  the  first  rough  draught,  and  correct  it  by  means  of 
the  information  wliich  all  foraging  or  scouting  parties  are  directed 
to  collect. 

Among  the  methods  employed  to  represent  the  configuration 
of  a  country,  the  one  most  used,  consists  in  tracing  upon  the 
ground,  level  curves,  and  delineating  upon  the  map  the  projec- 
tions of  their  rectangular  paths,  or  line%  of  greatest  inclination. 

If  we  determine  the  uniform  distance  between  the  curves,  to 
tlie  scale  of  the  plan  in  such  a  way  that  it  be  represented  by  .04  in., 
the  length  of  tlie  normal  lines  for  a  slope  of  4:5°  will  be  .04  in.,  and 


equal  divisions  traced  on  each  side  of  the  central  point 
for  ndjusting  the  popition  of  the  bubble. 

The  instrument  is  made  in  such  a  way  that  the  limb 
marks  zero,  when  the  base,  A  B^  is  horizontal,  and  the 
bubble  in  the  center.  To  test  its  accuracy,  the  instru- 
mont  is  reversed  in  position.  If  the  line  A  B\»  not  hor- 
rizontal,  and  the  bubble  is  brought  to  the  central  position, — 
the  instrument  w^il!  ^ve  a  certain  reading,  say  8',  which 

should  bo  the  same  on  reversing  it,  if  it  is  constructed  properly.  Suppose  it  is  not  so 
conHtructed,  and  in  the  reversed  position  it  gives  a  reading  of  1" :  we  conclude  frnm 
this,  that  the  sum  of  the  two,  S'  +  l"*,  is  double  the  inclination  of  A  /?,  since  in  both  po- 
sitions, the  limb  has  taken  the  same  direction  in  regard  to  the  vertical.  The  inclina- 
tion is  then  2"*  on  the  side  of  the  first  reading  made.  To  facilitate  the  use  of  thia 
instrument,  it  may  be  mounted  on  a  tripod,  by  the  aid  of  a  ball  and  socket,  which 
allows  it  to  turn,  and  on  the  feet,  A  and  />,  two  sighting  vanes  are  fixed,  to  look  through 
when  getting  the  inclination.  The  instrument  first  used,  had  a  graduated  bar  across, 
instead  of  the  arc,  and  a  plumb-line  in  place  of  the  limb  and  vernier,  and  the  one  de- 
scribed has  since  been  much  improved  and  perfected,  by  adapting  a  telescope  to  the 
edge  of  a  compass,  with  a  vertical  limb  graduated  to  indicate  the  different  inclinations 
of  the  telescope. 
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e  of  2*,  l.SS  in.,  theao  bang  tlie  extreme  Blo]:iefl  W)  rcpro- 
nt&i.    TliQ  normal  Unea  are  placed  a  distance  apart,  e<iiial  to  J 
Bieir  len^h.     If  the  ground  to  lie  represented  has  no  very  steep 
(ojiue,  a  better  cffoct  is  prutlucrd  by  rctlti(;ing  tlio  diEtance  be- 
1  die  carves  ^  (.03  in.) ;  aiid  when  very  abmpt  ground  is 
iviUi,  as  tbu  relation  between  tbe  Ipngth  of  tlie  nunnals  and 
e  spacL-s  between  tlieiu  can  nu  longer  be  observed,  tlie  liiiou  arc 
ftde  a  little  thicker. 
Tlio  most  importuut  slojics  to  be  indicatod  on  a  niap,  are : 
IhL  Those  of  GO",  which  are  inacres«ible  to  men,  and  have  a 
e  of  4  to  a  height  of  7  tmitB. 
2d.  TlioBc  of  45°,  which  are  difficult  for  men,  and  have  a  baac 
f  1  to  a  height  of]. 
8d.  TlioM!  of  30",  which  are  inaccessible  to  horses,  and  have  a 
e  of  7  to  a  height  of  4. 
4th.  Tliuso  of  13°,  easy  accessible  for  carriages,  and  have  a 
L-ofia  to  a  height  of  I. 
The   maximum   inctinatioo  a^iumed   hj   falling  earth,  in   a 
nontainous  country,  i»  a  slope  of  100  base  to  a  height  of  71. 

When  great  ai-cnraey  is  necessary  in  representing  tlie  form  of 

ponnd,  the  horizontal  curves  arc  traced  with  a  spirit-level  from 

1  to  yard,  or  every  two  yanls,  t'»eh  point  being  marked  willi 

Lpicket.  and  the  ground  afterwards  surveyed  with  a  plane-table 

t  compass. 

In  ordinary  »urveye,  tlie  horizontal  curves  ore  determined 

Hth  tulembte  accuracy,  by  cdtahliidiing  a  point  at  every  five 

For  this  puqHjse,  suppoec  eecliona  along  the  lines  of 

latest  inclination  to  be  made  in  the  grotmd,  and  mark  on  the 

map  tJie  projection  of  several   jwrtions   of  these   Imcs.      Then 

nK-asnro  with  a  sextant,  or  other  instrument,  the  angles  which 

these  jiarts  make  with   tlie   horizontal.     Tlie   angK-s   and   the 

Kjoctions  being  known,  the  height  of  the   linos  are  dedneod 

'  making  use  of  or  table  or  particular  Hcale.     These   projec- 

lotis  arc  afterward*  divided  on  tlie  map,  in  such  a  manner  tliat 

he  priints  belonging  to  the  horizontal  currca  are  the  de&irod  dil- 

nee  a|>art 

The  shading  lines  are  made  with  a  pen,  in  India  ink.  Masonry 

ictiona  are  traeci)  in  red.     Roads,  paths,  rlikes,  wooden 

I,  taolat«d  trees,  wooden  wind-mills,  batteries,  and  entrcDcb- 
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luents,  in  India  ink.  The  different  kinds  of  soil  and  cultivated 
ground,  masses  of  houses,  and  water,  are  represented  bj  conyen- 
tional  tints.  The  colors  employed  are,  India  ink,  carmine,  gam- 
boge, indigo,  and  sepia.  Masonry  constructions  are  colored  in 
carmine  ;  rivers  and  streams,  in  blue ;  forests,  in  yellow,  merging 
on  a  green,  composed  of  gamboge  and  a  very  little  indigo — ^the 
wet  portions  filled  in  with  blue,  like  water ;  meadows  in  green, 
composed  of  indigo  and  gamboge.  Marshy  meadows  are  repre- 
sented by  breaking  up  the  green,  and  filling  in  the  open  portions 
with  a  blue  tint  like  water.  Orchards  have  the  same  tint  as 
meadows,  and  are  regularly  dotted  over  to  represent  the  trees. 
Heath  is  made  of  a  lighter  blue  than  meadow  land,  and  slightly 
diversified  with  red  on  another  brush.  Marshes  are  tinted  like 
meadows,  but  with  the  wet  portions  filled  in  with  blue.  Untilled 
ground  with  a  lighter  blue  than  meadows,  and  slightly  diversified 
with  a  color  formed  of  gamboge  and  a  little  carmine,  like  sand. 
Vineyards  with  a  violet  color  made  of  Indian  ink,  carmine,  and 
indigo.  Sand,  with  gamboge  and  a  little  carmine.  Lines  of 
troops  are  represented  by  short  parallel  lines  filled  in  witli  blue. 

Tlie  writing  on  the  map  is  made  in  Indian  ink.  The  altitude 
figures,  the  names  of  towns,  cities,  and  dwellings,  are  written 
alongside,  upon  perpendiculars  to  the  meridian,  the  north  being 
placed  above ;  those  of  rivers,  streams,  roads,  and  canals  parallel 
to  the  directions  in  which  these  run.  Tlie  roads  going  beyond  the 
limits  of  the  survey  should  be  marked  with  the  largest  place  to 
which  they  lead. 

Tlie  names^  of  cities  are  put  in  in  upright  capitals;  those  of 
market-towns  in  inclined  capitals ;  wooden  villages,  in  upright 
roman  ;  hamlets  and  marshes  in  inclined  roman  ;  citadels,  large 
rivers,  and  canals,  in  small  inclined  capitals ;  forts,  small  rivers, 
ponds,  castles,  and  roads,  in  small  upright  roman  capitals ;  min- 
eral springs  in  italics;  and  farms,  inns,  manufactories,  mills, 
paths,  and  small  streams,  in  small  italics. 

In  the  field,  if  there  is  not  time  to  form  a  topographical  map, 
with  pen-shading,  &c.,  the  ground  may  be  figured  witli  tlie  stump 
or  pencil,  deeper  tints  being  employed  where  the  slopes  are  more 
rapid. 

Tlie  principal  mountain-chains  which  serve  as  a  defense  to 
a  district  of  country  should  be  distinctly  marked,  as  well  as  the 


RE4-0SX0ISSAXCE1  489 

'litrvrent  linmuUes  which  defend  or  favur  tlic  accces  t«  it.  Kote 
llK'ir  directiou  with  the  oompo.tii,  as  B.l«n  llic  rolntivo  livigliU  of 
the  different  partti,  if  they  are  BufficieitUj  extended  to  enablti  a 
(ilan  of  dcfcneo  to  he  formed.  Observe  the  rommunicationtt  to 
lie  prcsen-ed,  the  roads  to  be  dcBtroyed,  and  any  other  means  of 
aunoying  the  euotiiy  ;  the  [>ro)>er  jtOBiliotis  for  campe  or  cntrcncli- 
ments ;  the  »lo|>e»,  foreMta,  rM.-ks,  itc. 

A  mouiitttinuufl  or  hilly  country,  jmrtly  wooded,  partly  culti- 
vatc«l,  is  the  moat  difficult  to  reeoonoitre  well.  Commence,  a» 
Qiueh  aa  poasihle,  at  the  moet  elevated  portions,  Mark  the  com- 
menecraent  of  Uie  slopes;  examine  tlio  ravineu,  water-coursee, 
roads,  and  pathwayg.  See  if  it  is  necessary  to  c«tahliBh  bridges, 
and  if  columns  can  follow  the  bottom  of  the  valleys  or  the  crwt 
uf  tliB  hilla.  Inspect  the  strvains,  as  is  directed  in  Chap.  XIV  ; 
and  canal*  in  the  same  way.  giving  the  communicationB  which 
tboy  CHtablish,  a  description  of  the  lucka^^,  &e, 

(jivu  t3ie  position  of  springs  and  cisterns;  the  quality  and 
'luaniity  of  water,  &c. 

The  poaidon,  use,  dlmcnsiona,  eonatmction,  and  solidity  of  all 
'  ridgu  should  bu  given;  the  approaebca,  and  wat<•^way ;  tiie 
-'ri_-utB  leading  into  towns  and  dtiu) ;  the  nature  of  the  coimtry  in 
:.  .^nt  of  thuHi ;  tlie  mean« of  fortifying  tlicin;  of  destroying  them ; 
of  ru-tvtnhlinhinK  a  pa«8ago  with  the  most  advantage,  regard  b(^- 
hlg  t****'  '*'  ''"^  nature  of  the  brooks,  the  current,  wjdth,  embank- 
ment, forda,  and  communications. 

Of  pODdii  manlioB,  i&c.,  mention  whether  they  are  formed 
: rom qpiJBy^ froin  inuudatiuns,  orsituply  from  wet  ground;  the 
I'L-atBawMof  BtMaing  Ihcin  ;  at  what  ACRMins  it  is  practicable  to 
{•am  them,  and  with  wtiat  kind  of  troopn,  whether  tliey  are  on- 
iiualtliy  oroiveriMl  with  fogs.  If  there  are  canscwaya,  state  bow 
litoy  can  bo  ro|>ain»d  ;  if  not,  how  they  can  be  made,  and  how  de- 
fonded.  Sound  the  depth  of  any  wagon-tracks.  Prairioa  on 
wliicb  the  graai  u  high  and  thick,  or  on  which  patches  of  yellow- 
Itb-green  moss  occur,  should  be  carefully  examined,  for  in  spito 
of  tbeir  appeanuMV,  they  are  often  iuipractirablc  oven  fur  infantry. 
Kiaminu  the  ground  aronnd  them. 

Take  tbu  depth,  citcnt.  and  level  lo  which  iho  water  can  be 
kvpt  in  inundations;  tlie  time  rt-iiuircd  to  raise  the  water  to  a 


440  ATTACK    AND    DEFENSE    OF    FORTIFICATIONa 

given  level ;  the  working  of  the  sluices,  the  means  of  taking  pos- 
session of,  or  defending  them ;  of  opening  or  closing  them. 

On  a  coast,  examine  the  shore,  cliflfe,  rock,  &e.,  which  may 
make  an  approach  more  or  less  dangerous  or  quite  impossible ; 
extended  and  open  portions,  fit  for  making  a  landing ;  batteries  and 
intrenchments  established  to  defend  the  anchorages,  channels,  and 
accessible  points,  or  positions  where  they  may  be  placed  in  case 
of  necessity.  The  adjacent  islands  which  may  be  made  use  of  for 
advanced  works ;  the  rise  and  fall  of  the  tides,  which  affect  more 
or  less  the  approaches  to  the  different  points,  and  the  variations 
which  they  produce  in  the  course  of  rivers ;  and  the  means  of 
passing  them  ;  the  low- water  marks ;  the  creeks,  bays,  roadsteads, 
and  ports ;  their  advantages  and  inconveniences ;  the  size  of  ves- 
sels tliey  are  capable  of  receiving,  and  the  winds  required  to  enter 
and  leave  them  ;  the  positions  for  camps,  and  the  posts  capable  of 
covering  the  principal  establishments  in  the  interior  of  the  coun- 
try. Notice  every  thing  characteristic  of  the  accessible  places; 
existing  obstacles,  and  those  which  can  be  added  to  defend  the 
approaches  to  them.  State  the  condition  of  the  forts,  batteries, 
guards,  and  material.  Analyze  the  system  of  defense  adopted, 
and  propose  modifications,  if  necessary.  Estimate  the  force 
which  can  be  raised,  in  an  emergency,  either  from  the  troops  or 
the  inhabitants,  whilst  waiting  for  the  arrival  of  the  regular 
troops  at  the  point  of  attack. 

In  reconnoitering  a  wood  or  forest,  state  its  position,  extent, 
and  thickness,  as  well  as  the  height  of  the  trees  and  undergrowth; 
the  gaps  existing  between  masses  of  the  trees ;  their  width ; 
whether  the  trees  on  the  right  or  left  form  a  thicket,  and  whether 
they  can  be  burned.  Tlie  nature  of  the  soil,  the  surrounding 
ground,  &c. ;  the  communications,  the  means  of  establishing,  and 
their  direction,  in  order  that  they  shall  not  be  taken  in  flank ;  the 
means  of  forming  abattis.  Go  around  the  forest,  noting  the  roads, 
streams,  and  ravines  which  lead  to  it,  following  them  to  their 
heads  when  not  too  long. 

The  khid,  quantity,  etc.,  of  heath,  imderwood,  and  hedge, 
should  be  stated.  Tall  heath  is  usually  practicable ;  low  heath 
often  marshy.     Low  and  thick  hedges  form  a  very  good  defense. 

Eoads  are  surveyed  either  by  the  compass  or  the  eye,  and 
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|tir  direction  noted,  M  al«o  the  width,  whether  variahlc  or  (!oii> 
State  whether  railroads,  paved  or  wcll-hcateti,  and  if  hor- 
i  hy  trees,  hedges,  or  ditches ;  distancce  between  the  principal 
1,  the  aficcnte  and  desceiitH,  and  entimatc  Iho  time  of  niarcb- 
[  them  in  hours ;  whether  constantly  pmctiouhle,  or  bo  only 
sording  to  the  weather  and  season.  Ttie  eountrj*,  tttruatnn,  and 
wns  along  the  road  ;  tliv  roads  whiel)  vroH  it  and  where  they 
Heights  which  coniinand  them ;  whether  in  curve*  or  zig> 
I  croaaing  motintAins.  How  formed,  whether  hy  excavation 
r  embankinent,  and  the  length  of  the  former;  tlie  dangerona 
KnnU ;  repair*  ncceasary  fur  tho  passago  of  artillery.  Tlic  width 
7  the  track,  more  wpocially  in  sunken  roade,  which  should  bo 
vidcd  as  mnch  an  posstblo,  or  filled  up.  An  accident  to  a 
\g\e  carriago^  on  such  a  road  might  stop  a  whole  column.  If 
ngle  road  cxistH  in  one  direction,  sec  if  it  is  poMible  to 
ten  luternl  ouvs  f>ir  other  columns.  Trace  the  routes  of  these 
Do  not  neglect  the  pathways  or  unfrequented  roada, 
K>rted  by  the  country  people  aa  inipracticablo,  aa  they  may 
1  be  repaired  with  little  labor. 

Etauiine  paases,  as  tn  their  being  practicable  for  infautiy,  cav- 

y,  and  wagons ;  the  communications  botwct-n  them ;  and  if 

tiniMted  by  the  crwts  of  the  intcr^'cning  hills;  the  means  of 

larding  them ;  the  time  nivcMary  to  reach  the  summit  by  the 

tablished  roadu;  the  poMtibility  of  opening  new  route's. 

In  defiles,  stale  the  width  and  length  of  the  gorge ;  positions 

bbe  occupied  to  protect  «  forward  movement  or  cover  a  retreat. 

BO  nature  of  tlio  ground  al  Uie  entrance,  and  the  troops  which 

3  be  advantageously  employed  there  in  battle. 

In  fortu,  castlvs,  and  citadels,  {pvc  their  position  and  extent; 

r  objoct,  ;ind  the  works  connected  witti  them.     TIio  prot«c- 

i  which  they  afford  to  a  city  or  tho  country.    Tlie  obstacles  or 

l|>]>ort  offi-red  by  thcjn  to  an  enemy.     Ttie  nature  and  condition 

t  tlie  fortification ;  whetlier  nneient  or  modern,  permanent  or 

Ufwrary  ;  of  great  or  small  relief;  revetted,  wholly  itr  in  part ; 

"f  majkonrr,  brick,  sod,  or  natural.     Tho  miuM  and  galleries; 

irrounding  grounds ;  the  defense  capable  of  l>eing  sustained  by 

ifie  works  themselves,  and   those  which  may  be  added.     The 

pntpor  points  of  attack  to  be  chosen. 

For  fortified  citica,  state  tlit^  relaUoo  with  (Mcb  othw,  and 
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witli  reference  to  the  movements  of  armies.  Thu  po«itiuo«  of  tk 
let,  Sd,  liueB,  &c.  Succors  wliicli  tbej  can  giro  or  recdie. 
Means  of  directing  tbese  succors  according  \o  tho  direeliiu  af 
attack.  Heiioiirces  in  provisioTis,  &c.,  and  tlio  uivohh  of  coll^ctng 
tliem.  Facilities  for  e&talilisliing  dG]>ots,  husjiital*,  &c  Xctan 
and  strength  uf  the  works,  and  of  each  front  id  detail.  The  eat- 
rounding  ground,  tiiid  the  advantages  which  it  offers  for  *tt»tk*m 
defense.  T)ie  positions  to  he  occupied  in  the  invcstnicnt ;  cca>- 
muuicntions  to  he  e&tablislied  hetween  the  differcut  quarten,  tad 
tlie  works  necessary  for  tho  safety  of  the  lines. 

With  unfortified  ton-ns  and  villages,  state  tho  defense  tt 
which  they  are  siiseeptihlo ;  tho  inclosing  voUs,  towers,  ditd>s, 
dry,  wet,  or  full  of  water ;  the  houses,  whether  ngaituit  the  wiQt 
or  separated  from  them ;  the  nnmher  of  tlic  gates.  The  Muntai- 
ing  grounds;  gardens;  tlic  roods  and  paths  adjacent  to  iIh 
place. 

In  reconnoitering  any  military  position,  three  prioci[>al  obJKft 
are  to  be  considered,  let.  Tlie  ground  iUielf  of  tlic  |H>eition.  Sd. 
The  approaches  to  the  place  and  means  of  deboucIiin|r  fruoi  tltani. 
And  3d.  The  commumeationa,  and  tho  rear  of  tho  position. 

A  good  poeitioa  eliould  be  commanded  neither  on  tbe  fif«it 
nor  on  the  flanks. 

Infoniiation  to  be  collected  in  a  catalogue.    Tho  namo*  ii 
cities,  towns,  and  villages;  opposite,  those  of  llie  hamlet*  whick 
are  dependent  npon  them,  with  their  distances  from  tlio  ckW 
places.     Kamber  of  houses,  united  or  isolated.    Population.    1^ 
number  of  men  and  horses  which  can  he  iiuartered.     Tlio  qnaa- 
tity  of  groin,  hay,  straw,  beeves,  cows,  calves,  fchccp,   lin^,  Ar. 
Tho  mills,  ovens,  wells,  and  fountains.    Tlie  means  i-i  ■ 
tion,  wagons,  bnatii,  horses,  oxen,  and  uiuIm.     T1'> 
farriers,  wheelwrights,  workmen  in  wood  and  iron.  • 
makers,  saddlers,  &c.     The  taxes,  revenues,  comnur- 
ness  of  tho  places.    Tin-  salubrity  of  the  habilotioii - . 
and  water,     'Hie  iiuanliiy  of  grain  which  can  \ns  gri  i. 
rations  which  con  be  cooked  in  u  given  time,    Tlie  comLnitiLltfc 
Tlic  iron,  cloth,  leather,  wine,  brandy,  *c. 

On  arriving  before  the  j>lace  to  be  bcdqi^,  lh«  tAcgv^-pmA  h 
eetabtishcd,  as  near  as  possible  to  the  point  of  attack,  gunamllT 
between  2,500  and  S,U(H)  yards  from  the  advanced  work*,  talcfaw 


DATTBRIIX 


44.*) 


Ailvantaf*e  of  the  form  of  flic  in^Mind  to  cover  it  from  tlie  enemy'* 
fire.  Tin*  pierce  lire  pliMnnl  in  the  fiiM  line,  at  four  rardt*  apart 
fn»m  axiH  to  axi*.  In  rear  of  them  the  platform*,  tooU,  ami 
pn»j«»rtile*. 

At  *»<«>  yanl*  in  rear  of  the  park,  the  i>ow(Iermapizine*  are 
e'«taMif>hi'«l.  in  a  line,  and  ahont  2i^^  yard*  apart,  eaeh  etmtainin^ 
fmni  iV»,<  WNi  t<i  54  MM  Ml  ll>*.  of  powder  in  barrel*.  Tlie  mapizine*  are 
covi'H-d  with  i»il-<*loth  *upiKirt<"«l  on  a  light  frame-work.  At  SO 
yanl-i  ^n  tho  ripht  and  Irft  of  thii  line  park*  are  estahlii*hed  to 
M*rvf  A^  nn^cnaU  f*ir  di*tribtitin|r  the  ]M)wder. 

Tlir  work^h^»^H^  fi»r  the  artificer*  are  2<M>  yanl*  in  rear  of  the 
ma;:nxin<*fi,  andtho*e  where  tho  fa*rine*,  i&e.,  are  mafle,  2<mi  yanl* 
f:irtli«T  to  the  rear.  Ttiey  *hoidd  he  a*  near  a*  ]Mi«*ihle  to  fore*t*. 
I*nrk-i  for  t!ie  hi»rhe*  fhould  Iw*  placed  c<»nvenient  to  wood  and 
wati^r. 

n.\TT>:Kni». — Tlie  i^oint*  <»f  attack  are  pniteetwl  hy  a  certain 
niimlKT  of  pit«ctT*  placefl  top»ther  in  position,  when  they  conMi- 
ttitc  a  KttUry^  the  tcnn  l»eing  ali^o  appliiNl  to  the  con*tniction* 
iii^*i*4A.in-  fur  the  um*  of  ime  or  ieveral  piece*. 

A  huttm'  ron^i«t*  of  a 
r-iVfrin;:  ma#»*  A  IH'  I), 
Fi;:.  i"»l.  i\\\\%A  a  paraiK*t, 
di**i;rTH'<l  t«»  protii't  thcnu'n 
and  pi*-*'!-*,  and  of  one  or 
t\v«i  diti*hr4  to  fiinii«h  the 
eartli.  S*inii*tinni*  tin*  par- 
njHi  i*  made  of  earth 
hroupht  to  the  jMHkiti'in, 
and  thon*  i*  no  ditrh.  Tlic 
foUnwinp  are  the  tiftiial 
ilinii-n^iiinii  of  a  hatten* : 

K  I.  the  thi<'km*«»#  of  the  [wrafM-t,  i*  \y\  in  onh-r  to  pmti-ct 
tl.«'  h.iftrry  fr«»m  pieciH*  of  larp*  ealil»er.  A  T.  th«»  tcrre  ph-iii  **i 
t?.o  hatttTv,  i*  onlinarily  *Jrt  ff#rt  WMh\  and  ha*  a  #1ojm»  of/,  for 
t!ir  pnqMiM*  «<f  •hi*«Min;;  watrr.  K,  the  interior  cre*t,  i*  7  ft.  »'  in. 
l:i/h.  atiti  \n  IN*  ralrtiiatol  that  the  enemv\  line  of  tin*  \\  X,  «liall 
!•:»*•  •»  ft  •»  iti.  al»«»vftlie  rear  €if  tho  tenv-jdein.  A  IJ,  the  intrri<ir 
^l<>|N^  li.iH  a  liaM*  flH|tial  to  f  of  the  height  I  R  Tlit*  *l«ii>e  \% 
I*acki*«i  a^  hanl  aa  i>o«iihIe.     C\  the  exterior  cnikt  i*  A  ft.  high. 
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B  C,  ihe  top  of  tlie  parapet,  is  g^ven  a  dop«  to  cany  off  iLe  ms- 
wuter  wliioli  falls  upon  it.  C  D,  the  cxturior  elopo,  b«»  an  iacfi- 
DstioQ  II  little  less  than  the  naturul  tttapo  of  tliv  uarth,  ta  order 
tlmt  llie  enemy's  sliut  may  not  crnmlile  it  down,  t!iu»  UccrcAaag 
tlie  height  of  the  parapet.  D  E,  the  berm,  ii^  niado  fr<'tn)  S'  li>4'Ti(k, 
in  order  that  the  earth  knocked  down  by  the  cacn\y^»  iliut  •Wl 
not  fall  into  the  ditch,  which  would  render  the  impairing  of  tl* 
parapet  more  difficult.  E  F  G  H,  ia  tlic  ditvh,  the  prcifile  of  mtuA 
is  calculated  in  such  a  way  as  to  furnish  t»rth  Kifficient  ta  (utm 
tlie  parapet.  It  is  uenally  given  a  dvpth  of  5  fL ;  but  wimctitBa 
the  presence  of  water  or  rock  reuder«  it  necessary  to  mnkv  H  nf 
lees  depth,  and  itd  width  has  then  to  be  corre6]>ondingijr  incnMi^ 
The  scar])  E  F,  and  counter-nearp  6  II,  are  osoallj  «]opt>d  m>  Uut 
their  bases  are  equal  to  half  tlieir  height. 

Sometimes  it  becomes  necessary,  in  order  to  protect  the  mm 
and  pieces  from  the  tluuk  fire  of  tho  enemy,  to  tfan«w  up  ^pol- 
ments,  which  join  on  to  the  ends  of  tlie  parajwt  ntakiiifr  ■  auS 
angle  with  its  direction.  For  the  same  pur|H)«.c  travvraa  art 
placed  between  the  pieces.  In  conseqaenco  »f  tlic  ul>luiuitT<rf 
the  ^panlment  to  the  enemy's  6re,  it  need  not  be  thicker  thaa  IS 
ft  The  form  is  similar  to  that  of  tlic  [larapet,  though  the 
slope  need  not  be  so  steep. 

Guns  and  howitzers  fire  through  embrasures.  Tli' 
direct,  when  the  central  line  or  line  of  lire  is  pcrjiei.  : 
parapet,  whieh  is  usually  the  case.  When  this  liriL  i 
the  parapet  the  embrasure  is  said  to  be  ol/llyw. 

The  embrasare  is  laid  out  bo  that  the  base  or  sole  ia  9  fL 
at  the  neck  or  rear  part,  and  at  a  distaaco  of  5  fY.  to  tho  frtMUs 
increased  to  3  ft. 

The  solid  part  of  the  upper  portion  of  a  hattcnr, 
two  embmsnres,  is  called  a  merlon,  and  tltat  part  ODder 
conbrnsuros  which  is  solid  througliont,  is  callod  tA^  ittrliti. 

That  part  of  tho  para]>et  included  l>ctwftcn  the  baae  cf 
embrasure  and  the  foot  of  the  interior  slope,  is  called  tlw 
illere.     Its  height,  for  a  piece  mounted  on  the  ftJegc  ci 
S  ft.  6  in.    The  base  of  the  embrsHurc  has  a  »lopG  to  tW  ft^ml, 
i  in.  to  1  foot,  to  carry  off  the  water. 

Tlic  sole  of  the  embrasnre  is  traced  ont  as  eooa  as  tlio 
has  been  raited  to  that  1ct«I,  by  laying  off  on  the  prupcv  lint 


OOSiOTirCTINC    UATTEEIBt.  445 

fire  5  fet't  fn>m  the  inU*rifir  f]n\H}j  nml  At  that  ]Miint,on  *  iier]K'ii- 
diiMilar  lino,  1}  f<Nit  on  carh  Mv.  Thi*M.*  two  |Njiiitit  aiid  thi'Hi(lr» 
t>f  tlio  nf<*k  are  iiiarkitl  with  hhi»rt  staken ;  and  linei*  drawn  thn»u^li 
theni  «»n  ea<*h  iiide  and  )»ri.Mlti(*ed  to  the  exterior  hIojio,  determine 
the  ^|»hly  of  the  ehi*ek](  of  the  enil»rai>ure. 

In  onler  t«i  |>rote«*t  the  €*annoncer»,  the  Mde«  of  the  neck  an* 
hhi|K*«l  <inly  enough  to  make  the  width  at  the  interior  eriitt  't  fret. 
Hut  the  t>h»]4»  of  the  cht*ekii  is  inereamnl  aK  they  a]»pr<>a4*h  tht* 
<  xteritir  »ilo|K\  h»  tu^  to  pve  a  fire  to  the  right  and  hfft,  aiid 
prevent  the  ehtvkf  from  being  Mown  away  by  the  blai^t  of  the 
gnn. 

Ait  htf  •  ]•Iy-^^lJMtl  earth  d^>eft  not  8tand  wc*!!,  fionie  kind  of 
revrtmciit  l.a.«  to  Ik*  tiM'<i.  For  thi«  puqwiM*,  f4id,  pibionK  hauriiv 
Minf»,  or  M«!e?.,  art*  umil. 

T!  t  ./..'  '/,«  i*.  a  e%lindrieal  tiaiiket  with  no  liott<»m,  3  fii»t  Iii''h 
and  about  :Jt  ft*et  in  diameter.  Tliey  are  ik*t  finnly  in  tlie  grnuiid 
ail* I  tl!!itl  witli  earth.  Ttiey  are  ]tn*f€*rable  to  hanri^^«lnli  t.n 
aci-otiiit  of  rt-«|niring  U-m  wckmI,  ancl  l»t*ing  made  and  re]mirtd 
niMH-  r;u»ily.  Tli«»y  an*  p*nerally  em|*h>y4Ml  for  the  ehe«-kii  of 
i-nibnt«iin*4«  for  travenM.*i(,  ecmmiunieatioms  Are.,  and  are  nometinien 
nM-d  iu  th«*  iMinie  revetment  with  Niueiiuuins. 

11  If*  «4f  i/''j4««m  in  a  eyiindrieal  bundU*  of  fapiti^,  1  fiMit  in  dia- 
meter and  !•*  or  20  fiT»t  b»ng,  l^iund  topther  with  wither.  T\u y 
an*  plaiMil  on  to|»ofra<*h  other  with  the  |ir«»]K*r  i^Kijk**  ami  M*eun-d 
ti»  till*  i>ara]H*t  with  Maki^n  and  iiitluifc«  or  in*u  win*. 

When  hide*  art»  umnI  to  ]»rot«*«*t  tlie  ehei*kii  of  an  enibnuurt*, 
it  i**  gem*niUy  in  eonni^tion  with  fii»mi*  <if  the  other  revetting 
mat«rialN  and  thev  an*  iK^un*Iv  utakefl  down  over  them. 

In  a  f>andy  iMiil,  ^and-bag*  an*  iimhI  aji  a  n* vet  men  t.  an  was 
ihtiie  At  the  atta«*k  i>n  Vera  (*niz;  and  in  ram*  iff  the  M*areity  cif 
uiNi«i  to  make  gabioni^  Ac,  eommon  bam*U,  filb'«l  with  earth, 
M  rve  \ery  well.  Tlieae  wen*  ma«Ie  um*  of  in  the  building  of  Fort 
nn»wn. 

(\imm«*n  elay,  mixe«l  with  eho|i|K*«l  Mraw,  maki**  a  very  g«NHl 
n'\t-tment,  when  well  [iaeki^l  in  layen  tif  I  foot  tbiek. 

Wh*n  Mind-bag  n*vetmentii  an*  umhI  for  the  omliraiiunw,  the 
rlu*«-LM  an«l  Mile  nhould  Ih*  eoven*<l  with  a  doable  thiekneMt  of 
wji'ker-Hurk  to  pniteet  the  bagK  from  tl  e  bla^t  of  the  giiiiK  Tlie 
ba;;*  are  made  t«<  bn*ak  jointi^  which  i#  al«4i  the  eaM  with  »au«  i»- 
iN*nK 
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Sod  revetments  are  seldom  iiiailc 
very  long  to  conatruct  them. 

Wlieu  tli«  fonn  of  tlie  groiiud  permits  it,  Uie  ditcli  »  inadd  m 
the  iueide  of  the  parapet,  aiid  is  2^  feel  deep,  aud  from  1^  tu  30 
feet  wide.     Tlie  luon  and  pieces  are  placed  in  llio  ilit^'ti  ;  nr-i  lit 
parapet  being  foniied  in  piirtof  the  solid  ground,  idin'    ' 
made  and  more  solid.     A  small  ditch  Is  cut  in   tin 
bottom  of  the  exterior  dope-,  to  catcli  such  of  tliv  cii 
ns  may  roll  nloiig  tlie  ground. 

iSiege  piecee  should  always  bo  aceompanied  witb  thmi  plll- 
forms,  which  are  of  cBpecIal  imiwrtance  witliguiu  aud  tii-wiu.^- 
as  these,  to  fire  nccuratcly,  reqiuro  that  thu  tnuioi": 
horizontal.     Witlioiit  the  plutl'oriii,  too,  thu  groiini 
be  worn  into  nits,  and  in  wet  weather  it  -n-ould  he  iiln 
eible  to  inauouuvre  the  guns. 

Tlie  batteries  are  usually  placed  from  30  to  35  ^ard*  la.  b^ 
of  the  parallels,  to  which  they  are  joined  by  trenclieiu 

Kuiu. — Battorios  arecallcd,  1st,  aecurding  to  thu  kiud  nrpwat 
used  in  thein ;  thus,  gun,  howitzer,  and  mortar  liatt4.Ti(.«.     Sjcb* 
times  they  are  mixed  batteries,  aud  contain  pieces  of  diiforvnt  IdailL 
Sd,  from  the  nature  of  the  firing,  as  dtrtct,  riatcAvt,  aud  hrr^^Ai^f 
batteriea,  according  as  the  pieces  fii-e  direiHly  a|Kiii  tbt-  uhjvvt,  l) 
vioocliet,  or  for  the  purpose  of  making  a  breach ;  and  3*1,  &vin  ll» 
direction  of  their  fire.    Thus,  a  <lir<xt  battery  is  one  whicli  fiiwiB 
a  direction  perpendicular  to  the  face  of  tlie  work  to   bu  ttnik, 
and  the  shot  of  which  strikes  the  object  without  ricocbeC     Al 
obli^ptd  batttiry  is  one  whose  line  of  firo  is  obliqne   to  tlie 
fired  at,  the  tiring  being  direct.     A  revfrte  battery  strikr*  4* 
Interior  of  a  face  of  thv  work,  and  under  a  tunnll 
ei^'lailiti^  battery  strikes  tliu  flank  of  a  face.  vnfLla'.i . 
Reverse   and  eiifiluding   batlcrivts  gi-ncmlly  firo  r: 
Kicodiut  and  direct  batteriea  diuuount  ihv  eneinyV  : 
destroy  bis  defen&es.     Martyr  batteries  retidt-r  ih. 
tions  between  the  difi'erent  parts  of  the  wtirk  difiicu '. 
for  artillery  ;  destroy  the  enemy's  eheltera,  aud  set  tiro  i..  ,.r  Ki..^ 
up  tlio  inagaziucs,     Under  the  protection  of  thtiao  difTercnt  t>al 
torieo,  tlie  work«   uf  the  besiegers  are  pualio<l   forwnrd    tu  tW 
covered   way,  where  the  broaching  batteriu*  aro  vstab 
open  tho  scar])  wall.     Tlic  breaelilng  bntlcrii^  caunut  Lo 
piod  until  the  fire  of  the  work  ia  almost  ailenccd. 
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Gun  ftiid  hf>witxer  battcrit«  mftv  occupy  four  different  ]»oiii- 
tionrt  in  repinl  to  the  face  attacked.     li«t.  Tliey  may  l>e  eiitah- 
liVlu**!  in  a  [irMition  perpendicular  to  the  prolon^tion  of  tlic  fuce 
to  ))e  dcAtniyed,  (1)  and  an  the  proji*c- 
tiUii  have  to  paM  over  the  face  A  i\ 
Fi^.  *i^ri,  to  fall  upon  the  terreplein  of 
A  It,  the  pi(*c<ni  should  fire  in  rico- 
€*hi*t,  and  the  hatterr  it  an  enfilading 
rioiK'hrt    hatterv.     Tliia   i*   the  Insnt       V 
kind  of  a  liattery  for  dinniountin^  the  /  ^ 

rneniv'H  artillerr.     Tauallv,  the  first  ^^  ^ 

pit-^N*  fireii  alon^  the  interior  rrwt,  the  "*  *^ 

54*01  ind  parallel  to  it.    Tlie  othem  are  dinx*te<l  u|>on  the  niiddlr  of 
thi*  adjoining  face. 

I'd.  If  ein'umiitancea  do  not  allow  this  ]>oAition  to  l>e  <N^cupi«Nl 
the  )iatti*ry  <:{)  iM  j»lact*«l  within  the  pndonpiti«»n  of  the  fan*.  t^> 
ari  to  strike  the  face  on  the  interior,  under  a  uniall  an^le.  lliin 
hattrrv  fini*  in  ric#»ehet.  and  ii  called  a  reverw*  rio«K'het  hattf  rv. 
Irt  )»<*riiineii  more  efft^tive  aa  itii  dii»tan<*4»  fnmi  the  prtdiji^rntion  of 
the  faee  in  lt*MH»ne«l. 

'M,  Tlie  hatterv  (3),  may  \*c  e*taMiiihi*«l  on  the  other  ^id«*  of 
th«*  prohmpition  f»f  the  face,  striking  itn  exterior  dinn-t  umh-r  a 
l«*^M  an^rle  than  1K>'.  It  then,  hy  itii  oldiqtie  i>otiition,  iit  not  vx- 
\**mt\  t«i  the  fire  from  the  face.  A  It^  and  taking  in  fiank  the  mi- 
hrajiuri*«  of  the  place,  demcdiidic**  them  more  eauily.  It  Ia  culh^il 
an  olili«|iie  battery. 

4t!i.  Tlie  hicality  iMimetinuii  n*ndem  it  oldipitory  ti»  mak«-  the 
battery  a  dirt*et  one,  firing  without  rico«*hetii,  which  in  tht*  leaft 
udvant.iir«Niuii  of  all.  (34.) 

Ta^fixo. — Hatteri€*fi  an*  laid  out  at  night,  the  [Mwition^  hav- 
in;;  bi'v'U  M*l(vte<l  in  the  davtimc.  A«  thin  in  a  dutv  f»n  whieh 
:irtillirv  oflie«*ri  mav  l>e  onlen*«l,  althoui;h  Uf^tiallv,  in  our  ^«Tvir<% 
I*4'rf*'nii<'d  by  the  engintM  r«.  the  iiki-an*  n*«|uire<i  and  ni<'tli<H|  of 
trai  in;?  will  be  laid  down.  In  th«*  Fn-tirh  n-rviee,  the  roirmniid- 
iiiiT  t.tliriT  of  •■ai'li  battrrv  trai'e*  hi*  *iwn. 

With  the  anniManre  of  »i»nie  men,  a  dark  lantent  Mo  prrvrnt 
the  |Mi«ition  fn»ni  Inking  di*eiivfri»«l  by  the  enemy,  and  t«»  mt  I»x  i, 
Millie  Maktm,  line*,  and  a  meaimring  tai»e,  two  rfctangb*<i  an*  liii'i 
out :    (»ne  n*preMmting  the  baic  of  the  paraiK*t,  the  other  the 
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upper  opening  of  tlie  ditch.  Theeo  rectangles,  if  the  platfonatcra 
to  rest  upon  thu  nutiirKl  ground,  and  tbu  earth  taken  from  tlic  dock 
in  front,  are  placed  ahout  one  yard  apart  to  form  the  iivmi.  lUl 
In  case  a  sunken  battery  is  to  be  luutlu,  that  ia,  ont-  iu  whicb  Uu- 
platforms  will  be  below  the  nntiinil  level,  nnd  the  earth  fur  tb* 
parapet  id  taken  from  the  rear  of  it,  theee  rectiuiglefi  an  in)/ 
18  ins.  apai't.  Tliis  BUiikcn  battery  enables  the  nieu  lo  be-  plwed 
under  cover  sooner  than  the  other ;  but  it  can  only  bu  employed 
when  the  trenches  and  other  works  in  its  front  do  nut  uttcrcopl 
the  fire  of  its  pieces. 

Seven  is,  uEiially,  the  largest  nninbcr  of  pieces  placed  in  «w 
battery,  and  generally  notices  than  three  Tlie  oumbc-r  of  gnt 
being  established,  the  length  of  the  rectangles  to  Iw  laid  out  iA- 
lows  from  allowing  IH  feet  for  each  gun, and  t!  feet  fur  eacliBpliiv 
ter-proof  gabion  traverse,  one  of  which  ia  placed  bot'wcen  nvrtr 
two  gnns  when  the  battery  is  composed  of  more  tlian  throe 

Tfie  width  of  tlic  rectangles  for  a  battery  ou  the  surfiacu  if,  £c 
the  parapet,  HG  feot ;  and  for  tlio  ditch,  about  tlio  sauie.  For  a 
euukeu  buttery,  the  parapet  rectangle  u  24  fuet  wide,  and  tliatte 
the  ditch  is  22. 

Tlie  rectangles  for  the  ^patilinent-i  and  tlicir  ditcher  arc  Iaidii«t 
in  the  same  way,  allowing  from  20  to  30  feet  for  tbu  Icnirth  of  thi 
epaulment,  and  12  foet,  or  more,  for  its  width,  ACt.>onluig  lu  iB 
oblifiuity  to  tlic  line  of  the  enemy's  fire. 

These  rectangles,  when  laid  out-,  are  well  marked  with  staka 
and  cords. 

FoB3iiKG. — In  throwing  up  tha  battery,  two  men  per  Tat4  dt 
the  parapet  are  allowed.  They  are  platted  one  jier  yanl  tn  tb 
ditch,  one  for  every  two  yards  i>u  the  berm,iu»l  onu  ft»r  overv  tw9 
yards  on  the  parapet.  Thelasttwotlirowthevarth  toward  tlieinl*- 
rior  slope,  and  pack  it.  The  men  in  the  ditch  are  changed  even 
two  hours,  and  the  working  party  ruUevud  every  twelve,  tiiKf 
work  ten  hours,  and  rest  two. 

A  man  can  throw  earth  with  tlio  shovel,  13  tent  horixoataOx^ 
or  to  a  height  of  5  fool. 

When  the  excavation  does  not  re>inire  the  had  of  tbo  p»^  • 
tasked  man  can  shovel  and  load  on  a  wheolbairow  from  IS  to  U 
cubic  yards  of  earth  per  day.  When  thrown  Irarixuntally,  num 
than  6  feet,  or  less  tliau  13,  or  to  «  height  of  4  feel,  or  )ott(l«d  «• 
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a  cart,  die  nam)>cr  of  cubic  vardg  xniiAt  be  reduced  to  10.  An 
excavator  liv  prufoMion  can  remove  with  the  shovel,  and  luad  in 
a  cart,  ua  uiurh  a«  oO  cubic  vardi  of  earth. 

Tlie  nature  of  the  fn^und  it  expre«MMl  bj  adding  the  entire  i»r 
fracti«mal  number  <»f  picker*  to  the  Khoveler*  kept  at  work  by 
them.  Tliurt,  one  nhoveler  and  one  picker,  ground  for  two  men  ; 
one  nhoveler  and  two  pickerft,  ground  for  three  men ;  two  hliuvrl- 
em  ami  one  ]»icker,  which  is  tlic  same  thing  as  one  shovi4er  nnd 
one-lialf  picker,  ground  for  one  man  and  one  half. 

In  nuMlium  earth,  one  pick  can  keep  two  shovels  at  work  ;  but 
that  thcm»  shall  not  interfere  with  each  other,  tbey  must  l>e  M*pa- 
rate«l  l»y  a  di^tance  of  from  5  to  G^  feet.  For  excavations,  the 
i*i>tiniatc  is  gi*nerally  one  pick  and  two  sliovcls  for  each  space  of 
fri>ni  3  to  4  yards  long.  Tlie  relieving  sliovvlers  are  spact*<l  hori- 
zontallv  at  4  vards  and  verticallv  at  about  5  feet.  For  each 
gun;;,  i>ne  rammer  and  one  leveler  arc  rc«{uired. 

In  excavating  ditches,  banf|uettos  are  left  at  a  dii^tance  of  5 
fivt  apart,  and  cut  down  so  as  not  to  interfere  with  tlie  slo]»cs. 
TlioM*  next  tlic  €rountcrsoaq>  are  cut  away  as  tlie  work  pntgn-Mi-o, 
and  thiMMr  next  the  ikcar]i  when  the  i>ara|H't  is  alKiUt  to  be  finii^heil. 
Tiie  epaulment  ii«  fonn«?tl  of  well-rammed  horizontal  layen^  fr«»ni 
^  t«»  lo  iiielien  thick,  the  edgi<s  pnijecting  a  little  lH*yond  the  pro- 
tile,  and  afterwanls  cut  down  with  tlie  pro|K*r  slope. 

Kx|HTiiiient  ppiveik  that  in  Mcgo-works,  at  the  ojiening  of  the 
tn*ncliei4,  a  workman  fn>m  the  line,  in  Mrven  night  hour»  and  in 
tmlinary   ground  will  excavate   alN>ut  2  cubic  yards.      In  t«-n 

hfiun«,  thin  should  be  incn*aiK*«l  to  verr  ncarlv  3  cubic  vanU. 

•  •  • 

In  the  day  time,  as  many  men  as  |Mj«ftible  are  plai'e«l  in  the 
ditrh.  and  the  rest  emph»yed  in  carrying  forward  suppliei«,  and  in 


fithrr   wiirk.      lU-twcvti    tweutv-four  and    thirlv-six    hnun*   an' 
n**iuiri*«il  to  ff*nn  the  batterv,  and  onlv  about  half  that  time  for  a 
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eunkeo  hattory.  The  interior  elope  is  riveted,  Fi^.  S8S,  muflT 
witli  gabions,  the  proper  slope  being  given  to  th«ni  Itv  jilMil( 
underneath,  along  the  foot  of  the  fllo]>c,  a  runr  of  faacine&.  WWa 
the  first  row  of  gabions  has  bocu  filled,  and  tho  earth  of  the  put- 
pet  reiicLes  t)ie  same  height,  a  eecond  tier  of  faMiincs  auil  pabiMH 
is  placed  on  toj>,  and  the  work  continued,  thd  nxjuuite  W^ 
being  given  either  by  placing  soda  on  tho  lop  tier,  or  btr  orA 
alone. 

Before  the  second  tier         gabions  ia  placed   in  poEit!ia,tW 
embrasures  are  laid  out.     Their  ases  are  IS  ft,  apttrt.  im1«t  t 
traverse  intervenes,  when  the  distance  is  24  ft,,  aUiAvin;;  r,  \\  L- 
the  width  of  the  bottom  of  the  traverse.    Tliu  ifidtw  -  i  ■ 
at  an  inclination  of  y'j  with  the  axie.    Tlie  top  edg(> 
diverge  more  than  the  bottom.     The  oheekn  are  revn- 
distance  from  the  neck,  either  with  pnbionH  a(x:iiroiI   a*  a.\t\^} 
described,  the  earth  being  compactly  tilleil  in  around  thcoi ;  vtik 
fascines  laid  on  top  of  each  other,  sloped  outwards,  and  <m<iuhj 
with  pickets  and  withes  ;  with  sand-bags,  which  are  Isid  is  tioi^ 
the  layers  breaking  joints ;  or  with  sods,  or  hurdle-work. 

Tiie  6paiibnentB  are  not  revetted,  the  interior  alop*.*  being  mad* 
as  steep  ae  the  earth  will  stand. 

Huwitiier  embrasures  are  sometimes  mado  with  a  connlcr-«l«ipi^ 
the  sole  receiving  nearly  the  same  inclination  from  th«  sQI  op- 
wards  as  tlio  least  angle  of  elevation  under  whicli  tlie  jileea  vfl 
be  requii'ed  to  fire. 

Travebsks. — The  traverses,  Fig. 
287,  are  made  only  spHntcr-proof,  to 
prevent  the  pieces  of  a  bursting 
shell,  for  instance,  from  extending 
farther  than  among  the  cannoneers 
of  two  pieces.  Tltey  are  not  designed 
to  resist  shot,  and  consist  of  only 
two  tiers  of  gabions.  TIio  lower  tier  is  made  of  two  wvn  intJnMd 
towards  each  other  at  the  top,  filled  and  pat^kcd  in  iK-twevn  wM 
earth.  Two  rows  of  fascinea  are  jdaced  ontopof  tli 
eecond  tier  of  gabions  uii  tt)p  of  them,  inclined  like  \ '. 
and  heaped  up  with  earth.  The  traverse  ia  from  \l  : 
and  ha*  an  interval  between  it  and  tho  parapet  of  3  tt, 

When  traverses  are  used  with  sunken  batteries,  the 
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between  guru  Bcparatod  bjr  a  trmvcno  U  incivaMd  to  36  ft.    TIio 

jr  la* ^ 


tn-m*li,  Fi^.  2^"^,  when  fir»t  excavated  is  16  ft.  wide  at  the  hottoin, 
whirh  in  hli^htl  v  iiielincd  to  the  front,  where  the  trench  is  «'i  ft. 
de«-|».  The  fn»nt  is  cut  down  rerticallr  in  finn  toil,  and  the  rear 
nveives  a  i*h»|>e  of  \, 

A.H  the  tronch  will  furnish  onir  sufficient  earth  for  the  parapet, 
that  fur  the  ei»aulnient  is  obtained  fruui  a  ditch  5'  dc*ep  outMde 
of  it,  and  that  for  the  traveracs  from  ditches  cut  outside  the  piira- 
|H*t  and  op|»osite  the  [msition  of  each  traverse. 

Tlie  fn»nt  of  the  trench  is  cut  down  nearly  vertically,  and 
n*v<*tti*4l  with  fascines,  laid  on  t«>p  of  each  other,  and  pinned  to  the 
i*arth  by  htakiis  passing  through  them  and  <»bli4|uely  duwnwanl. 
Hy  tiiirt  nieuns,  the  guns  can  be  run  close  up  to  the  parajtet,  and 
th<*ir  niuzxliw  pn>jcct  well  into  the  embrasures,  which  are  made 
of  the  Mime  form  and  in  the  same  ]>«isitions  as  presi*ribe«l  for  the 
othtT  batt«Tv.  When  traverses  are  made  in  the  sunken  batterv, 
a  |*<irti«in  of  thi»  ground,  6  ft.  witle,  is  left  standing,  and  on  tliiii 
thr  trnviTM*  is  built.  Tliis  kind  of  traverse  is  made  bv  fin»t  lavin;; 
d«>wn  i*n  top  of  the  gmund  left  standing  two  rows  of  fascines,  h  ft. 
apart,  i  >n  these  two  n»ws  of  gabions,  incline<l  so  as  to  touch  at 
t!if*  t->p,  are  plained,  filKd  with  earth  as  In-fore,  ancl  heaiH,**!  up  <»n 
top  t'i  the  height  of  the  interi«»r  crest.  Tlie  sides  of  the  s^ilid  part 
«•!'  till*  traverse  are  cut  to  a  suitable  slojie,  and  revette^l  with 
tAM-iiH-fi.  A  i>ai4U4re  of  3  ft.  is  left  U*twevn  the  interior  »*lo|>c 
mill  th<*  g!iliiiinode  of  the  traverse. 

St'vrral  h(ilt*«  should  Ik*  dug  at  the  imMt  cfmveni(*nt  {Miintfi  in 
th«*  tn-hrli  of  the  battery,  to  colln-t  the  rain  which  may  fall,  and 
pni*«iitii»ns  »ht»uld  la*  taken  t4)  prevent  water  from  running  into 
the  trench,  either  fmm  Uie  natural  surfa(*e,  or  from  the  tn*nche« 
trailing  to  the  battery. 

In  throwing  up  tli(*se  tiatterie*,  a  namtw  ramp  at  the  end  •> 
cat  li  «  paulment  i*  left,  leading  fn>m  the  natural  level  to  tlie  iMittom 
of  the  ditch,  and  scrvi*s  fur  the  convenience  uf  the  men  whibt  at 
Work. 
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with  reference  to  the  movements  of  armies.  The  positions  of  the 
Ist,  2d5  lines,  &c.  Succors  which  they  can  give  or  receive. 
Means  of  directing  these  succors  according  to  the  direction  of 
attack.  Resources  in  provisions,  &c.,  and  the  means  of  collecting 
them.  Facilities  for  establisliing  depots,  hospitals,  &c.  l^ature 
and  strength  of  the  works,  and  of  each  front  in  detail.  The  sur- 
rounding ground,  and  the  advantages  which  it  oflfers  for  attack  or 
defense.  The  positions  to  be  occupied  in  the  investment ;  com- 
munications to  be  established  between  tlie  different  quarters,  and 
the  works  necessary  for  the  safety  of  the  lines. 

With  unfortified  towns  and  villages,  state  the  defense  of 
which  they  are  susceptible ;  the  inclosing  walls,  towers,  ditches, 
dry,  wet,  or  full  of  water ;  the  houses,  whether  against  the  walls 
or  separated  from  them ;  the  number  of  the  gates.  The  surround- 
ing grounds;  gardens;  the  roads  and  paths  adjacent  to  Ae 
place. 

In  reconnoitering  any  military  position,  three  principal  objects 
are  to  be  considered.  1st.  The  ground  itself  of  the  position.  3d. 
The  approaches  to  the  place  and  means  of  debouching  from  them. 
And  3d.  The  communications,  and  the  rear  of  the  position. 

A  good  position  should  be  commanded  neither  on  the  front 
nor  on  the  flanks. 

Information  to  be  collected  in  a  catalogue.  The  names  of 
cities,  towns,  and  villages ;  opposite,  those  of  the  hamlets  which 
are  dependent  upon  them,  with  their  distances  from  the  chief 
places.  Number  of  houses,  united  or  isolated.  Population.  The 
number  of  men  and  horses  which  can  be  quartered.  Tlie  quan- 
tity of  grain,  hay,  straw,  beeves,  cows,  calves,  sheep,  hogs,  &c. 
The  mills,  ovens,  wells,  and  fountains.  Tlie  means  of  transporta- 
tion, wagons,  boats,  horses,  oxen,  and  mules.  ThQ  number  of 
farriers,  wheelwrights,  workmen  in  wood  and  iron,  tailors,  shoe- 
makers, saddlers,  &c.  Tlie  taxes,  revenues,  commerce,  and  busi- 
ness of  the  places.  The  salubrity  of  the  habitations,  stables,  air, 
and  water.  Tlie  quantity  of  grain  which  can  be  ground,  and  of 
rations  which  can  be  cooked  in  a  given  time.  Tlie  combustibles. 
The  iron,  cloth,  leather,  wine,  brandy,  <fec. 

On  arriving  before  the  place  to  be  besieged,  the  siege-park  is 
established,  as  near  as  possible  to  the  point  of  attack,  generally 
between  2,500  and  3,000  yards  from  the  advanced  works,  taking 
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intage  of  the  form  of  tlic  grotind  to  coror  it  from  the  enemy's 
Tlio  piecos  sre  placed  in  the  flist  line,  at  fonr  yard*  apart 
axU  to  axi«.    In  rear  of  them  the  platforms,  toola,  and 
Ojcctilm. 

}  At  600  ranla  in  rear  of  tlie  pnrlt,  the  powdcr-ma^^inM  are 
taMitthod,  in  a  line,  and  about  200  yards  apart,  <»cli  rnntaininf; 
11 2.'i,<MKl  to  5i».0<Kl  Ibfl.  of  powder  in  barrels.  The  magazines  are 
f»ered  with  oil-cloth  Mipported  on  a  light  frame-work.  At  80 
n  nn  thf  riplil  and  k'l>  of  thin  line  parks  are  vBtablished  to 
e  as  arEcnalti  for  diMribnting  the  powder, 
\  Tlie  work»lii)|«  fur  llio  nrlifirer*  arc  500  yftrds  in  t«ar  of  the 
izitie«,  and  those  wliere  the  faacines,  A'c,  are  made,  2(*0  yards 
rthcr  to  the  rear.  Tlioy  eliould  be  as  near  as  possible  to  fon«t». 
Irkii  for  the  horses  Hboiild  be  placed  convenient  to  wood  and 

Pattehies. — The  points  of  attack  arc  protected  by  a  certain 
mbcr  of  pieces  placed  together  in  position,  when  lliey  consti- 
I  hatt«ry,  the  term  beinj?  ttlw>  applied  to  the  constmctions 
f  for  the  u«s  of  one  or  several  pic*ie«. 
A  battery  coneirts  of  a 
rering  mass  A  B  C  I>, 
;.  tM,  called  a  parapet, 
dc'tigTiL'd  to  protect  tlie  men 
and  picci*,  and  of  one  or 
two  ditehoi  to  furnish  the 
flATth.    Somotinieit  the  par- 
apet   is    made    of    earth 
hronjtht  to    tlie    posiliiin, 
and  there  is  no  ditch.    Tl)c 
fiillowing    are    the    usual 
a  of  a  hattcrr  : 


K  I,  tlio  thicknww  of  the  parapet,  is  18',  in  order  to  pnitect 
;!.!■  haim^  from  piece*,  of  larp-  wUilier.  A  T,  the  torrt-plcin  of 
r'  .'  hntterj-,  is  onliiiarity  26  fi*ct  wide,  and  has  a  slope  "f  ^t  for 
r'..-  purpoM  uf  aheddiiij*  water.  11,  the  interior  crrsl,  is  7  ft.  9  in. 
'  i-h,  and  is  so  ralrolale']  that  the  enemy's  line  of  fire  B  X.  sliall 
I  i^i  a  ft.  <1  in.  aWvo  the  rear  of  the  tcrre-plcin.  A  H,  the  interior 
!i)pe,  haa  a  baao  va^miX  to  ^  of  the  ludglil  I  R.  T1ii#  slojto  is 
J  Licked  as  hard  a*  possible.    C,  the  e-iterior  enst  k  0  ft.  hj^ 
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B  C,  the  top  of  the  parapet,  is  given  a  elope  to  cany  off  the  rain- 
water which  falls  upon  it.  C  D,  the  exterior  slope,  has  an  incli- 
nation a  little  less  than  the  natural  slope  of  the  earth,  in  order 
that  the  enemy's  shot  may  not  crumble  it  down,  thus  decreasing 
the  height  of  the  parapet.  D  E,  the  berm,  is  made  from  2'  to  4'  wide, 
in  order  that  the  earth  knocked  down  by  the  enemy's  shot  shall 
not  fall  into  the  ditch,  which  would  render  the  repairing  of  the 
parapet  more  difficult.  E  F  G  H,  is  the  ditch,  the  profile  of  which 
is  calculated  in  such  a  w^ay  as  to  furnish  earth  sufficient  to  form 
the  parapet.  It  is  usually  given  a  depth  of  5  ft. ;  but  sometimes 
the  presence  of  wat<jr  or  rock  renders  it  necessary  to  make  it  of 
less  depth,  and  its  width  has  then  to  be  correspondingly  increased. 
The  scarp  E  F,  and  counter-scarp  G  II,  are  usually  sloped  so  that 
their  bases  are  equal  to  half  their  height. 

Sometimes  it  becomes  necessary,  in  order  to  protect  the  men 
and  pieces  from  the  flank  fire  of  the  enemy,  to  throw  up  6paiil- 
ments,  which  join  on  to  the  ends  of  the  parapet  making  a  small 
angle  with  its  direction.  For  the  same  purpose  traverses  are 
placed  between  the  pieces.  Inconsequence  of  the  obliquity  of 
the  epaulment  to  the  enemy's  fire,  it  need  not  be  thicker  than  13 
ft.  The  form  is  similar  to  that  of  the  parapet,  though  the  interior 
slope  need  not  be  so  steep. 

Guns  and  howitzers  fire  through  embrasures.  Tlicse  are  called 
direct^  when  the  central  line  or  line  of  fire  is  perpendicular  to  the 
parapet,  which  is  usually  the  case.  Wlien  this  line  is  oblique  to 
the  parapet  the  embrasure  is  said  to  be  oblique. 

The  embrasure  is  laid  out  so  that  the  base  or  sole  is  2  ft.  wide 
at  the  neck  or  rear  part,  and  at  a  distance  of  5  ft.  to  the  front  is 
increased  to  3  ft. 

The  solid  part  of  the  upper  portion  of  a  battery,  between 
two  embrasures,  is  called  a  merlon^  and  that  part  under  the 
embrasures  which  is  solid  throughout,  is  called  tJie  solid. 

That  part  of  the  parapet  included  between  tlie  base  of  the 
embrasure  and  the  foot  of  the  interior  slope,  is  called  the  geiuyu- 
ilUre.  Its  height,  for  a  piece  mounted  on  the  siege  carriage,  is 
3  ft.  6  in.  The  base  of  the  embrasure  has  a  slope  to  the  front,  of 
i  in.  to  1  foot,  to  carry  off  the  water. 

The  sole  of  the  embrasure  is  traced  out  as  soon  as  the  parapet 
has  been  raised  to  that  level,  by  laying  off  on  the  proper  line  of 
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B  ft  feet  from  tlic  interior  bIoi>c,  and  at  tliat  point,  on  a  pcrpon- 

"liip,  1i  foot  on  vHch  )>idt.-.    Tlictictwo  points  uid  tliu  sides 

Jtlic  nock  are  marked  wilh^Jiort  iitakf«;  and  lines  drawn  tlirrjugb 

em  on  «seti  Bide  and  protluced  to  the  exterior  nlopc,  determine 

B  splay  of  tbc  cbceks  of  the  embrafliire. 

In  order  to  protvet  tbo  cannoneers,  tho  Bides  of  the  neck  arc 

onir  enungli  to  make  Ibu  width  at  llio  intorior  crest  •!  feet. 

:  the  »1o|>o  of  tbc  cheeks  is  increaiH.-d  an  tliey  a])proaeb  tlic 

rior  alope,  ao  m  to  pvts  a  fire  to  the  right  and  left,  and 

nvent  the  checks  from  being  blown  hv*y  by  the  bla«t  of  tbo 

As  Btrpply-iiloped  earth  docs  not  stand  well,  some  kind  of 
nt  lias  to  I>c  used.  For  this  piir]>ot>«,  sod,  gabions,  Eauci»- 
I,  or  hides,  arc  used. 

Tlic  ifitfiifm  id  a  eylindrieol  baiket  with  no  bottom,  3  feet  high 

1  abont  2  feet  in  diameter.    They  are  set  firmly  in  tlic  ground 

[  fil1e<l  witli  earth.     They  are    preferable   to  Mncissone  on 

loniit  of  requiring  lesd  wood,  and  being  made  and  repaired 

!  caaily.     Tliey  are   generally  eitijiloyed  for   the  ebeeks  ot 

nbnuiurefl,  for  traveniefl,  i^otnmunicattons,  &c.,  and  are  sometimet 

1  the  same  rcvetmi!Dt  with  Kaiielssunfi. 

Tlic  Mucianon  is  a  cylindrical  bnndle  of  fagots,  X  foot  in  dia- 

itvr  and  IS  or  20  feet  long,  bound  t'>gi-ther  with  witlics.     Tbcy 

D  placed  on  top  of  each  other  with  Uie  proper  nlope,  and  «icur«d 

t  the  parapol  wilb  «take«  and  «ithe«s  or  iK-D  wire. 

When  hides  are  naed  to  protect  the  checks  of  an  embra«are, 

I  is  generally  in  connection  with  some  of  the  other  revetting 

terials,  and  they  are  secnrcly  staked  dtiwn  over  them. 

In  a  sandy  koil,  fand-bags  arc  need  as  a  revetment,  as  was 

nc  at  the  attack  on  Vera  Cniz ;  and  in  ease  of  the  scarcity  of 

I  to  make  gabiutts,  &c.,  common  barrels,  fith>d  with  earth, 

rve  very  wvlL    These  were  made  hm*  of  in  tho  Ituilding  uf  Fort 


DOR  clay,  mixed  with  chop{<eil  draw,  makes  a  reiy  good 

ment,  when  well  packed  in  layers  of  1  foot  thick. 

I  When  sand-bag  revetments  are  naed  for  the  embrararea,  th« 

I  and  Kite  aboold  be  covered  with  a  double  thidmei 

r-work  to  protect  tlic  bags  from  tl  c  bla»t  of  the  giuu.  Jj 

i  an  tnadi!  to  break  joints,  which  is  also  ihv  caso  irilh  ( 
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Sod  reyetments  are  seldom  made  use  of  in  sieges,  as  it  takes 
very  long  to  construct  them. 

When  the  form  of  the  ground  permits  it,  the  ditch  is  made  on 
the  inside  of  tlie  parapet,  and  is  2^  feet  deep,  and  from  18  to  20 
feet  wide.  Tlie  men  and  pieces  are  placed  in  the  ditch ;  and  the 
parapet  being  formed  in  part  of  the  solid  ground,  is  more  promptly 
made  and  more  solid.  A  small  ditch  is  cut  in  this  case  at  the 
bottom  of  the  exterior  slope,  to  catch  such  of  the  enemy's  sheik 
as  may  roll  along  the  ground. 

Siege  pieces  should  always  be  accompanied  with  their  plat- 
forms, which  are  of  especial  importance  with  guns  and  howitzersi 
as  these,  to  fire  accurately,  require  that  the  trunnions  should  be 
horizontal.  Witliout  the  platform,  too,  the  ground  would  soon 
be  worn  into  ruts,  and  in  wet  weather  it  would  be  almost  impog- 
sible  to  manoeuvre  the  guns. 

The  batteries  are  usually  placed  from  20  to  25  yards  in  front 
of  the  parallels,  to  which  they  arc  joined  by  trenches. 

Kind. — Batteries  are  called,  1st,  according  to  the  kind  of  piece 
used  in  them  ;  thus,  ffUTiy  howitzer^  and  viortar  batteries.  Some- 
times they  are  mixed  batteries,  and  contain  pieces  of  different  kinds. 
2d,  from  the  nature  of  the  firing,  as  direct^  ricochet^  and  hrea4;hing 
batteries,  according  as  the  pieces  fire  directly  upon  the  object,  by 
rieocliet,  or  for  the  purpose  of  making  a  breach ;  and  3d,  from  the 
direction  of  their  fire.  Thus,  a  direct  battery  is  one  which  fires  in 
a  direction  perpendicular  to  the  face  of  the  work  to  be  struck, 
and  the  shot  of  which  strikes  the  object  without  ricochet.  An 
oblique  battery  is  one  whose  line  of  fire  is  oblique  to  the  work 
fired  at,  the  firing  being  direct.  A  reverse  battery  strikes  the 
interior  of  a  face  of  the  work,  and  under  a  small  angle.  An 
enfiladhig  battery  strikes  the  flank  of  a  face,  enfilading  it^  length. 
Keverse  and  enfilading  batteries  generally  fire  ricochet  sliots. 
Kicochet  and  direct  batteries  dismount  the  enemy's  artillery,  and 
destroy  his  defenses.  Mortar  batteries  render  the  communica- 
tions between  the  different  parts  of  the  work  difficult,  especially 
for  artillery  ;  destroy  the  enemy's  slielters,  and  set  fire  to  or  blow 
up  the  magazines.  Under  the  protection  of  these  different  bat- 
teries, the  works  of  the  besiegers  are  pushed  forward  to  the 
covered  way,  where  the  breaching  batteries  are  established  to 
open  the  scarp  wall.  Tlie  breaching  batteries  cannot  be  occu- 
pied until  the  fire  of  the  work  is  almost  silenced. 
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Gan  and  howitwr  t)atterieii  may  occupy  four  different  jtori- 
tns  in  reganl  to  the  face  attacked,  let.  Tboy  may  he  efttab- 
ibtfd  in  a  position  perpendicular  to  the  prolonfpttion  of  the  face 
a  bo  destroyed,  (1)  and  M  llm  projw- 
Hm  have  to  pWM  over  the  face  A  C, 
285.  to  fall  upon  the  torreplein  of 
L  B.  the  pieces  should  Hre  in  rico- 
bet,  and  the  hattcry  ia  an  enfilading 
Icochct  battery.  Thia  is  the  beat 
ind  of  a  battery  for  diamoanting  the 
Ktny'a  ftrtlUcry.     Usually,  tlio  first 

p  fires  alunj; the  interior  ercst,  the  "■-»»» 

wnd  parallel  lo  it.    Tlie  others  are  directed  upon  the  middle  of 
B  adjoininjf  face. 

2d.  If  circumstances  do  not  allow  this  j>ottit!on  to  be  oocnpfed 
e  battery  (2)  in  placed  within  the  prolon^tion  of  the  face,  80 
■  to  etrike  the  face  on  the  interior,  under  a  small  angle.  Tliia 
kttery  fin*  in  ricochet,  and  is  eallot]  a  reverse  ricochet  battery. 
P 'becomes  niure  effectiro  as  its  distance  from  the  prolongation  of 
e  face  is  IcMcncd. 

3d.  The  battery  (3),  may  be  established  on  the  other  side  of 
B  prulongation  of  the  face,  dtrikin^  it«  exterior  direct  under  a 
)  tlian  90°.  It  then,  by  it*  obli(|ue  jiosition,  is  not  ex- 
\  Uie  fire  from  the  face.  A  It,  and  taking  in  flank  the  em- 

I  (^  the  place,  demolishes  thero  more  ea«ily.     It  is  ealled 

\  obliqne  battery. 

4tb.  The  locality  sometimes  renders  it  cddlgatory  (o  make  the 
Ittery  a  direct  ono,  firing  without  ricochets,  which  Is  Iho  least 
bvontajt^ns  of  all.  (34.) 

Tracixo. — itatterie*  are  laid  oat  at  nrght,  the  positions  hav- 

%  \3eea  aeleetcd  in  the  daytime.      As  this  is  a  dnlr  on  which 

rttllvry  offleiTS  may  bo  ordered,  although  nsnally,  in  onr  service, 

formetl  by  the  engineen*,  the  means  n><]nire<l  and  method  of 

icing  wilt  be  laid  down.     In  the  French  ser^-ice,  the  command- 

Bicer  of  each  battery  tmeci*  his  own. 

With  the  oBsiKtance  of  lomu  men,  a  dark  lantern  (to  pn^vent 

e  position  from  bemg  diacorered  by  the  enemy,  and  to  see  )>r>, 

me  stoke*,  lioea,  and  a  moasnriog  tape,  two  r«ct«iglcs  arc  laid 

one  reprascntin^  tho  baso  of  the  puap^  the  other  ttM 
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upper  opening  of  the  ditch.  Tliese  rectangles,  if  the  platformfi  are 
to  rest  upon  the  natural  ground,  and  the  earth  taken  from  the  ditch 
in  front,  are  placed  about  one  yard  apart  to  form  the  berm.  But 
in  case  a  aunken  battery  is  to  be  made,  that  is,  one  in  which  the 
platforms  will  be  below  the  natural  level,  and  the  earth  for  the 
parapet  is  taken  from  the  rear  of  it,  these  rectangles  are  only 
18  ins.  apai*t.  This  sunken  battery  enables  the  men  to  be  placed 
under  cover  sooner  than  the  other ;  but  it  can  only  be  employed 
when  the  trenches  and  other  works  in  its  front  do  not  intercept 
the  fire  of  its  pieces. 

Seven  is,  usually,  the  largest  number  of  pieces  placed  in  one 
battery,  and  generally  not  less  than  three.  The  number  of  guns 
being  established,  the  length  of  the  rectangles  to  be  laid  out  fol- 
lows from  allowing  18  feet  for  each  gun,  and  6  feet  for  each  splin- 
ter-proof gabion  traverse,  one  of  which  is  placed  between  every 
two  guns  when  the  battery  is  composed  of  more  than  three. 

The  width  of  the  rectangles  for  a  battery  on  tlie  surface  is,  for 
the  parapet,  26  feet ;  and  for  the  ditch,  about  the  same.  For  a 
sunken  battery,  the  parapet  rectangle  is  24  feet  wide,  and  that  for 
the  ditch  is  22. 

The  rectangles  for  the  6paulments  and  their  ditches  are  laid  out 
in  the  same  way,  allowing  from  20  to  30  feet  for  the  length  of  the 
epaulinent,  and  12  feet,  or  more,  for  its  width,  according  to  its 
obliquity  to  the  line  of  the  enemy's  fire. 

These  rectangles,  when  laid  out,  are  well  marked  with  stakes 
and  cords. 

Forming. — Li  throwing  up  the  battery,  two  men  per  yard  of 
the  parapet  are  allowed.  Tliey  are  placed  one  per  yard  in  the 
ditch,  one  for  every  two  yards  on  the  berm,  and  one  for  every  two 
yards  on  the  parapet.  Tlie  last  two  throw  the  earth  toward  the  inte- 
rior slope,  and  pack  it.  Tlie  men  in  the  ditch  are  changed  ever)' 
two  hours,  and  the  working  party  relieved  every  twelve.  They 
work  ten  hours,  and  rest  two. 

A  man  can  throw  earth  with  the  shovel,  13  feet  horizontally, 
or  to  a  height  of  5  feet. 

Wlien  the  excavation  does  not  require  the  use  of  the  pick,  a 
tasked  man  can  shovel  and  load  on  a  wheelbarrow  from  15  to  19 
cubic  yards  of  earth  per  day.  When  thrown  horizontally,  more 
than  6  feet,  or  less  than  13,  or  to  a  height  of  4  feet,  or  loaded  on 
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a  cart,  tlie  Dumber  of  cnttic  ynxda  muRt  be  retlaccd  to  10,  Aii 
cxcaviitor  by  profession  ''nii  remove  witli  tbe  shovel,  aud  loud  in 
a  carl,  a*  laMcli  as  30  cubic  yards  of  earth. 

The  nature  of  the  ground  is  cxpresfled  hy  adding  the  entire  nr 

fractional  nninbt:r  of  pickers  to  tlio  aliovclcrs  kept  at  work  by 

them.     Thns,  one  sliovvlcr  and  onu  picker,  ^ound  for  two  mon ; 

one  stiovclur  antl  two  pickers,  ground  for  three  men ;  two  shovct- 

I  and  one  picker,  which  is  the  same  tiling  m  odu  shovvlur  and 

i>-half  picker,  ground  for  one  man  and  one  half. 

In  medium  earth,  one  pick  can  keep  two  iJioveU  at  work  ;  but 

t  tlie«e  shall  not  interfere  with  each  other,  they  must  bo  tcpa- 

1  by  a  distance  of  from   6  to  6^  feet.     For  exca^'atiuns,  the 

Itiniato  is  generally  one  pick  ami  two  shovels  for  each  space  of 

1  3  to  4  yards  long.     The  relieving  sliovflers  are  spaced  Iiori- 

itolly  at  4  yards,  and  vertically  ut  about  5  feot.     For  each 

mg,  one  rarnmcr  and  one  levclcr  ar«  required. 

V  In  sxcavating  ditches,  banquette*  aro  left  at  a  distance  of  5 

papart,  and  cut  down  so  as  nut  to  interfere  wttli  the  slopes. 

VBext  the  coiintcrscarii  are  cut  away  n«  tlie  work  progressca, 

Mid  Oiose  next  tlie  scaqi  when  the  parajtot  is  about  to  bu  finislwd. 
The  ejiaulmcnt  is  fonnod  of  well-ramuuHl  horizontal  layer*  from 
.S  to  10  inches  thick,  tlie  edges  prujwtiug  a  little  beyond  tlte  pro- 
tile,  and  aftcmards  cut  down  with  the  proper  slope. 

Experiment  proves  tliat  in  siege-works,  at  tlie  opening  of  the 
trenches,  a  workman  from  the  line,  in  seven  night  hours  and  in 
iirdinarr  ground  will  excavate  about  2  cubio  yards.  In  ton 
hours,  this  should  bo  increased  to  very  nearly  3  cubic  yards. 

In  the  day  time,  as  many  men  as  poMiblo  am  plarod  in  ttie 
ditch,  and  tlie  rost  vmploycd  in  carrying  forward  supp!ic»,  and  in 


trtber   woric.      Btrtween    twenty-four  and    ihirty-sJx    hoars   are 
reijDired  to  fortu  the  battery,  and  only  about  half  tltat  time  for  a 
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snnkcn  batterj.  The  interior  slope  is  riveted,  Fig.  386,  09111117 
with  gabions,  the  proper  slope  being  given  to  them  by  placing 
undcnieatli,  along  the  foot  of  the  slope,  a  row  of  fascines.  "Whea 
the  first  row  of  gabions  has  been  filled,  and  the  earth  of  the  para- 
pet reaches  the  same  height,  a  second  tier  of  fascines  and  gabirau 
is  placed  on  top,  and  the  work  continued,  the  requisite  height 
being  given  either  by  placing  sods  on  the  top  tier,  or  by  earth 
alone. 

Before  the  second  tier  gabions  is  placed  in  position,  the 
embrasures  arc  laid  out.  Their  axes  are  IS  ft.  apart,  unless  a 
traverse  intervenes,  when  tlie  distance  is  24  ft.,  allowing  6  ft  fw 
the  width  of  the  bottom  of  the  traverse.  The  sides  of  the  sole  are 
at  an  inclination  of  yV  ^i*li  *^»6  axis.  The  top  edges  of  the  cheeks 
diverge  more  than  the  bottom.  The  cheeks  are  revetted  for  some 
distance  from  the  neck,  eitlier  with  gabions  secured  as  alreadj 
described,  the  earth  being  compactly  filled  in  around  them ;  with 
fascines  laid  on  top  of  each  other,  sloped  outwards,  and  secnred 
with  pickets  and  withes  ;  with  sand-bags,  which  are  laid  in  tien, 
the  layers  breaking  joints;  or  with  sods,  or  hurdle- work. 

The  ^paulments  are  not  revetted,  the  interior  slope  being  made 
as  Btecp  as  the  earth  will  stand. 

Howitzer  embrasures  are  sometimes  made  with  a  counter-slope, 
the  sole  receiving  nearly  the  same  inclination  from  the  sill  up- 
wards as  the  least  angle  of  elevation  under  which  tlie  piece  will 
be  required  to  fire. 

TiiA VERSES. — ^The  traverses,  Fig. 
287,  arc  made  only  splinter-proof,  to 
jirevent  the  pieces  of  a  bursting 
shell,  for  instance,  from  extending 
farther  than  among  the  cannoneers 
of  two  pieces,  Tliey  are  not  designed 
to  resist  shot,  and  consiEt  of  only 
two  tiers  of  gabions,  Tlie  lower  tier  is  niide  of  two  rows  melined 
towards  caeli  other  at  the  top,  filled  and  packed  in  between  with 
earth.  Two  rows  of  fascines  are  placed  on  top  of  tliese,  and  the 
second  tier  of  gabions  on  top  of  thctn,  inclined  like  the  first,  filled 
and  heaped  up  with  earth.  Tlic  traverse  is  from  15  to  18  ft.  long, 
and  lias  an  interval  between  it  and  tlie  parapet  of  2  ft. 

When  traverses  are  Ufcd  with  sunken  batteries,  the  distance 
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I  betwi-un  guni  separated  hy  a  travDreo  ia  increAscd  to  2*J  ft.    Tlie 


■^  ifga^ ■"  •' 


I  tRDcb,  Fig.  SSS,  when  fint  exeeraled  i#  1 6  ft.  wkle  at  the  bottom, 
ti  » iliglitly  ipclinc*!  to  the  front,  wbcro  the  trench  U  U  ft. 
The  front  ia  cut  down  vertically  in  firui  eoil,  aud  tho  ruor 

E9TCS  a  elope  of  ^. 
a  the  trcinch  will  funilsli  only  MafBcicnl  oarlli  fur  the  parapet, 

1  fur  tho  6pnulutciit  is  dhtaiucd  from  a  ditch  fi'  deep  outfiide 
of  it,  and  that  for  ttie  travorees  from  ditcher  cat  oatsido  the  para- 
pet utd  op^MMute  tlie  position  of  each  traverse. 

The  front  of  tlie  trench  in  cut  down  nearly  vertically,  and 
revetted  witli  fascines,  laid  on  top  of  each  other,  and  ]>iDnud  to  tiw 
oartli  hy  stakos  pasiiing  through  them  and  ohliijni;ly  downward. 
By  tliia  moans,  tlio  gun«  can  he  run  cIomj  up  to  tlie  pnra^ivt,  and 
tfaeir  muzzles  project  well  into  the  omhrasurcs,  whicli  aro  made 
wf  tbv  NUno  form  and  in  the  same  positions  as  preKorihcnl  for  the 
otiior  hattvry.  When  traversM  are  made  in  tho  tuinken  battery, 
a  portion  of  the  fcround,  fl  ft.  wide,  is  loft  standing,  and  on  this 
tlie  trarerae  is  Imilt.  This  kind  of  traverse  is  mode  by  first  laying 
down  on  top  of  the  ground  left  standing  two  rows  of  fasclni-s,  5  ft. 
apart.  On  these  two  rows  of  gabions,  inclined  so  as  to  touch  at 
the  lipp,  arc  placed,  filKid  with  imrlh  as  before,  and  biMipvd  tip  on 
t4tp  ti)  tlie  height  of  the  interior  crest.  Tliv  sidc«  of  the  solid  jiart 
of  the  traverse  are  cut  to  a  suitable  slope,  and  revetted  with 
fascines.  A  jiaasage  of  3  fl.  is  left  between  the  interior  slope 
and  tbu  gabionade  of  the  traverse. 

Several  hotra  should  ho  dug  at  tlio  most  convenient  points  in 
the  Irenrh  of  the  battery,  to  collect  the  rain  which  may  fall,  and 
preoauiltms  sliould  be  uken  to  prevent  water  from  running  into 
the  tirnch,  dtlier  from  the  natural  surface,  or  from  ttie  trenches 
Ifuling  to  the  battery. 

In  throwing  up  tliese  batteries,  a  narrow  ramp  at  tho  und  u 
aacli  cpaulracnt  is  left,  leading  from  tlic  natural  level  to  ll>«  bottom 
of  the  ditch,  and  serves  for  the  coDveniuooo  of  tfacaflll  I^Ubt  at 
work. 


452  ATTACK    ilSD    DEFENSE    OF    FOBTIFICAnOKa 

A  trench  of  tlie  ordiuaiy  dimenBionB  (8'  wide  at  the  bottom, 
and  3J'  feet  deep  one  side,  by  4'  the  other),  is  made  from  each 
extremity  of  the  battery  to  the  parallel  ia  ite  rear,  Fig.  289. 


If  the  working  parties  are  intermpted  by  sorties,  the  men  are 
withdrawn  into  the  trenches,  care  being  taken  to  make  them  cuiy 
their  toole  witli  tliem,  in  order  that  the  enemy  may  not  make  tue 
of  them  in  destroying  the  work. 

The  powder  magazines  should  be  at  least  SO'  in  rear  of  the 
parapet,  with  its  ceiling  not  more  tlian  a  few  inches  above  the 
natural  level.  Tlie  interior  heiglit  need  not  exceed  5',  which  will 
be  about  the  depth  of  tlio  excavation  to  be  made.  It  elionld  be 
6'  X 12'  ill  the  clear,  and  the  sides  may  be  formed  of  frames  and 
sheeting  boards,  or  of  a  row  of  gabions  crowned  with  two  cooi^es 
of  fascines.  It  is  covered  with  splinter-proof  timbers  6"  x  9",  over 
which  is  piled  at  least  3'  of  earth,  both  on  top  and  on  the  sides 
towards  the  parapet  and  ^paulments. 

The  door  is  placed  in  rear,  and  is  reached  by  one  or  two 
inclined  trenches. 

MoRTAK  BATTEBnts  are  of  two  kinds :  tliose  for  mortars  which 
throw  shells,  as  tlie  8-in.  and  10-in.  siege ;  and  those  for  the  stone 
mortars.  Tlie  coeliom  mortar  being  small,  is  placed  in  any  unoc- 
cu]»iod  eorncr  of  the  trenches.  The  first  kind  are  usually  placed 
in  front  of  the  Igt  and  2d  parallel,  and  in  such  positions  as  to 
bring  as  large  a  portion  of  the  place  andcr  tlieir  fire  as  possible. 
Tlie  stonc-raortar  batteries  are  used  at  shorter  distances  (in  front 
of  the  3d  parallel),  to  annoy  the  covered  way  and  adjacent 
parts. 

Tlie  platforms  may  be  laid  on  tlie  natural  surface,  in  which 
case  the  same  form  and  dimensions  are  given  to  the  parapet  and 
epaulments  as  those  laid  down  for  gun-batteries;  but  as  tie 
mortars  have  to  be  set  back  far  enough  to  enable  the  shell  to  clear 
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■>Ae  iutcrior  creel  b;  a1)»ut  3',  a  revetment  U  nimcceesory,  atid  tbc 
Interior  slope  may  bo  made  ua  steep  a»  tJie  cartb  will  stuid  under 
finjily. 

Tiic  front  of  the  battt'rj'  is  cetimatcd  by  allowing  Ifi'  for  each 
mortar,  aiid  6'  for  each  splinter-proof  travcnto. 

Tbe»o  batteries  are,  buwever,  tiKnally  sunk  beneath  tJic  natural 
ijnrface,  since  several  feet  diffcrL-uec  of  level  in  the  pusitlon  of  a 
mortar  nill  have  bnt  little  i-tTi-et  on  the  range.  The  trench  is  then 
made  l'^\'  wi<]e  at  bottom  ;  3^  deep  in  frnnl,  and  4  in  rear,  with 
a  revLTSD  elope  of  4.  Height  of  parapet  4';  thickness  IS';  berm 
1',  ami  the  front  slope  of  tlie  trench  with  a  base  of  2'. 

Tlic  lalior  of  tliriiwiiiji   up   batteries  is  performed   by   line 

Koldiers.     Eight  artillcrjTueD  are 

AMigned  to  eaeh  piece,  and  arc 

relieved  every  S4  tiount.     They 

level  the  tcrreplein»,  revet   the 

elopes,  and  form  the  embraenre*, 

"'*'**  in  njvftiing  wliich  last,  a  mask  U 

formed  if  Decenary  in  front  of  the  mouth.     It  la  mode  of  two 

nitiks  uf  gabion*  filled  witli  earth,  surmounted  by  a  second  rank 

£1le<l  withfaM-tnes,  KJg.  StK). 

Tlie  platforms  are  laid  whiUt  the  hatteiy  is  being  finiahed. 
For  mortars  and  rictwhet-balteriwi  they  are  laid  level,  and  for 
direct  firing  have  a  eounter-slopo  of  7  or  8  in.  in  order  to  diminish 
tljc  reeoiL  The  hurter  should  be  placed  pcqiendicular  to  the 
directrix. 

Mortar-battorios  are  uiually 
made  without  cmbrasurca,  hut 
whi-n,  for  the  want  of  huwitKers. 
the  mortan  are  to  be  fired  in  ricochet,  ombruinres  am  mado 
for  them  with  genouflierus  3}  ft.  high,  and  an  inclination  of 
the  5'>1eof  9°.  (Fig.  littl.)  The  platform  in  thi«ca»eit  given  a 
connier-4lo|>e  In  order  that  the  mortar  may  fire  under  an  angle 
lafBricnlly  sniall,  and  to  diminish  the  reroil. 

Kiifilading  and  counter  hatterie«  arc  n«ually  armed  with  ]  ^-pda. 
and  24-|mIa.  and  8-in.  howitzera.  The  fire  of  the  guns  is  mainly 
directed  to  destroy  the  enemy's  artillery ;  that  of  tlie  howitxen 
to  sweep  the  covered  navs  and  ditebus  todi-slroy  the  palisadioga, 
and  injure  the  trarenes  by  exploding  shells  in  them. 
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All  the  batteries  open  their  fire  at  the  eame  time  at  a  given 
signal,  so  as  to  divide  the  attention  of  the  enemy. 

Eicochet  and  mortar-batteries  fire  night  and  day;  direct 
batteries  in  the  daytime  only. 

Seven  artillery-men  are  required  for  each  gnn ;  five  for  each 
howitzer  and  10-in.  mortar,  and  three  for  8-in.  mortars  and  stone- 
mortars.  A  portion  of  these  may  be  detailed  from  the  infantry. 
Each  detail  serves  24  hours  at  a  time. 

Bbeachtng-Battekies. — ^Exposed  revetments  may  be  breached 
by  heavy  guns,  at  ranges  from  400  to  600  yards ;  and  batteries 
for  such  guns  are  in  all  respects  the  same  as  enfilading  or  counte^ 
batteries.  But  when  these  revetments  are  covered  from  distant 
fire  by  the  crest  of  the  covered  way,  the  breaching-batteries  must 
be  placed  either  on  the  glacis  or  on  the  terrepleins  of  the  defen- 
ses, at  points  where  no  obstructions  interfere  with  firing  the  guM 
low  enough  to  form  a  breach  practicable  for  the  ascent  of  an 
assaulting  column. 

In  either  of  these  latter  cases  the  batteries  must  be  sunk  low 
enough  to  subserve  the  object  in  view.  Tlie  embrasures  are 
usually  cut  out  of  the  parapet,  as  an  ordinary  trench  has  generally 
to  be  first  established,  as  a  preparatory  step.  The  form  and 
dimensions  of  other  sunken  batteries,  with  such  modifications  as 
are  demanded  by  the  site  of  the  battery  and  the  position  of  the 
point  to  be  attained,  will  apply  in  these  cases. 

Breaching-batteries,  established  either  on  the  glacis  or  terre- 
plein  of  a  work,  will  generally  be  exposed  both  on  their  fiank  and 
rear  to  the  fire  of  dangerous  commanding  points,  from  which  it 
will  be  necessary  to  cover  them  by  traverses,  the  number  and 
position  of  which  will  depend  upon  the  command  and  position  of 
the  dangerous  points.  To  cover  from  the  flank  fire,  if  the  com- 
mand of  the  dangerous  point  is  considerable,  it  may  be  necessary 
to  place  a  traverse  at  each  interval  between  the  guns.  The  trav- 
erses used  in  such  cases  receive  a  thickness  of  14'  or  seven  gabions; 
their  length  depends  upon  the  relative  positions  of  the  dangerous 
points  and  the  exterior  point  of  the  battery  to  be  covered. 

When  the  reverse  of  these  batteries  is  exposed,  it  is  generally 
from  the  salient  position  of  some  comparatively  distant  point, 
from  which  a  slanting  fire  may  be  brought  to  bear  on  this  part  of 
the  battery.  In  this  case  it  will  generally  be  easy  to  cover  the 
exposed  part  by  running  out  from  the  reverse  of  the  battery,  an 


BRKAcniJfG    DATTCRIES. 


455 


end  of  a  trench,  to  fonii  a  v'mg  tinTcrM  thnt  Bball  iatcrecct  tlie 

«  of  Gru  fruiii  tlio  jwiiit  ujiuii  crvry  part  pjcpoKod. 

L  The  gnoB  of  l>rcachii)g-I>atUTivs  should  he  placed  so  thnt  tlie 

jction  of  their  fire  may  ho  as  nonrly  pcrp<;iidiciiUr  to  tli«  line 

[tlio  wall  08  yxis&ihle ;  and  wbi-D  obliqac,  tlie  angle  nhould  not 

1  45",  otherwise  the  etfect  uf  the  shot  will  ho  greatly  dimin- 

xl,  and  the  operation  retarded. 

\  ficsidi-a  tl»e  hrcaching  hatUiriw,  coiiDtor-hatt*'ric«,  in   every 

Ipct-t  similar  to  tlic  others,  are  cetahliBlivd  on  the  f;Iaci«.    Their 

yect  in  to  countcr-hattor  and  Bik-nee  tliu  artillery  uf  tlie  dtifcnie 

ich  iiMj  he  hrou|i;Ut  lo  bear  on  the  hrcaching  battGriee,  or  on 

I  pmtta^  of  tlie  tlitelieA.      They   are  usually   [ilaced  on  the 

nlongation  of  tlio  ditches. 

The  genotiillL're  is  equal  in  hciglit  to  three  rank*  of  BnucisBons^ 

in  order  tliat  the  piecc«  may  nut  tear  awar  tlie  revetment  when 

they  recoil.    If  these  haiterien  eantiv>t  be  sunk,  Uiey  are  formed 

^■Bf  bag*  of  earth  brought  up  to  tlie  potiition.     lireactiiiig  batteries 

^^■fe  amtcc!  with  from  two  to  six  S4  or  32  pda. 

^V^  In  the&e  batteries,  tlic  nceks  of  the  embrasures  are  closed  with 

^»  kind  of  oak  sliattor,  bullet-proof,  called  cnibraeure-biindH,  or 

mantlets,  to  protect  the  eaiuioneerti  froto  the  fire  of  small  arms. 

At  tlic  seige  of  Scbattopol,  the  liiissions  constructed  their  mant' 

lets  of  several  tliicknesseA  uf  tiglitly  twistetl  ru|>c,  stvurely  bound 

together,  and  hang  like  a  cnrtain  from  the  top  of  the  enihracure, 

an  aperture  being  lefY  in  thr  lower  [lart  through  whieh  the  miuzle 

of  tlie  giin  was  run.     Tlii«  opening  was  made  large  eiiongh  to 

alluw  tufficicnt  field  of  fire  to  the  piece:   and  the  cannoncen 

were  further  prulected  by  a  circnlar  mantlet  made  uf  llie  same 

material,  which  fit  closely  on  the  chase  of  the  gun,  between  the 

whvelii,  a  small  opening  on  top  being  lef^  for  aiming  through. 

TIic«c  mantlets  are  perfectly  bnllet-pmof,  and  mu«t  hare  been  of 

great  service  in  protecting  the  Russian  gunntTB  from  the  aliarp- 

khootcrs  of  their  enemies  in  rifle-pits.  Ac 

Various  obttacles  may  intcrfcri!  with  tho  constmettun  of 
breaching  batterii'a. 

If  thr  tire  of  the  placid  is  rery  deadly,  or  tho  nights  T«rj  short, 
they  must  be  thrown  up  from  the  interior.  If  it  is  imjioMtblc  U* 
sink  thou),  the  workmen  must  be  covered  by  ma«ks  of  stuffed 
gabiuns,  oartb-mounds,  <&c.     Slionld  the  eftrth  be  stony,  it  mtut 
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be  screened,  and  the  stones  placed  at  the  bottom  of  the  parapet, 
so  that  the  shot  may  not  strike  them  and  injure  the  men.  If 
a  battery  has  to  be  constructed  on  rock,  or  on  marshy  ground,  the 
earth  for  the  parapet  must  be  carried  to  the  position,  or  if  possi- 
ble the  parapet  be  constructed  of  sand-bags,  the  workmen  bemg 
covered  by  masks. 

Marshy  ground  is  consolidated  by  laying  down  beds  of  fascines, 
crossing  each  other  at  right  angles,  and  fastened  with  hurdle-work. 
This  is  covered  with  earth  mixed  with  straw.  K  a  battery  is  made 
on  the  brow  of  a  hill,  or  other  position  where  the  width  of  terre- 
plein  is  limited,  the  rear  of  the  platforms  may  be  supported  on 
trestle-work.  This  kind  of  floor  is  formed  of  beams  8"  square, 
placed  about  2'  apart.  A  counter-hurter  is  fixed  on  it  to  prevent 
the  piece  from  running  off  the  plat- 
form to  the  rear.  The  platform 
planks  are  nailed  in  their  positions. 
The  work  is  protected  by  masks  of 
gabions  and  fascines  (Fig.  292),  and 
these  masks  are  increased  in  num-  ^^  **** 

ber,  in  order  to  divide  the  attention  and  fire  of  the  enemy.  Snch 
a  platform  will  not  do  to  fire  mortars  from,  the  recoil  being  too 
directly  transmitted  to  the  supports. 

In  order  to  increase  the  angle  of  fire,  a  platfonn  broken  into 
two  steps  is  made  use  of.  The  lowest  part,  being  in  the  rear,  re- 
ceives the  trail,  whilst  the  wheels  rest 
on  the  higher  part  in  front.  Fig.  293  a. 
This  kind  of  a  battery  platform  is  re- 
sorted to  when  the  piece  will  not  give, 
standing  on  its  carriage  in  the  ordinary 
way,  an  angle  of  fire  suflBciently  great  ^^^'  *^ 

for  the  object  in  view.  Tlie  angle  of  fire  is  diminished  by  the 
reverse  means.  Fig.  293  J. 

Floating  batteries  may  be  constructed  on  inundated  ground, 
by  making  rafts,  buoyed  up  with  empty  casks  placed  under  them. 
A  parapet  is  made  in  front,  of  woolsacks,  saucissons,  or  oak 
timbers. 

If  the  battery  is  commanded,  it  becomes  necessary  to  raise 
the  parapet  or  lower  the  terreplein  in  such  a  manner  that  the 
enemy's  shot  will  pass  6  ft.  9  in.-  above  the  rear  of  the  platfonn. 
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r  it  become*  nucuuury  to  vutubluli  b  battery  io  a  position  very 
jbli'iuti,  with  regard  to  tlic  object  HkiI  nt,  it  ii  made  in  ofliwte, 
bid  tbe  [iieoc8  [ilitced  a«  it  were  in  ^chdun,  in  ordor  to  avoid  vh- 
inbriuiireH,  which  are  objections  bit*. 
One  magaxiiie  should  bo  provided  for  every  two  or  three 
They  arc  sometimes  placed  at  tlie 
of  the  battery,  and  somtitimca  in  this 
irB[>ct  of  tbc  comunnieatiuns.  For  mortar 
1  howiuer  bnttcrice  small  slicltcrft  aro  alw 
iqilirvd  for  tho  purjKMU  of  loading  hollow  pro*  '"•  **" 

Ulca.    Tbcy  are  formud  of  a  ditch  3  ft.  widf,  3  ft.  deep,  and 
t  ft.  long,  covt-rod  by  a  parapet  and  a  blindage  of  wood  and 
IOci«Aona  covered  witli  earth.    Tlie  entrance  U  to  the  rear,  and 
proadied  by  a  ramp.     Fig.  20i. 

DiTEKSE. — Forti6eations  hbould  bo  armed  in  proportion  to 
eir  importance  and  the  military  and  other  BUp]>lic«  wliich  they 
ntain.  Th«  piecca  should  be  of  nicdiom  calibers,  to  enable 
a  to  be  promptly  withdrawn  from  the  flru  of  tlie  besiegers,  and 
f>lai.>«l  in  more  favorable  positions.  Somo  largo  pioceo,  how- 
V  arc  indispensably  ueccsenry  to  intimidate  the  unemy,  and 
n|ivl  him  tugive  bis  works  the  usual  dimensions. 
No  detliiitc  nilti  can  be  laid  down  us  to  the  armament  of  a 
rtifiL-ation,  more  espc<:ially  in  regard  to  U>i>mi  in  this  country'. 
inemlly  ejieaking,  IH  and  24  pdrs.  are  largo  cnoogh  for  any 
rior  forts ;  whilst  those  on  the  sea-coast,  where  most  of  oars  arc 
taled,  should  be  well  provided  with  guns,  howitziTs,  and  moi^ 
B  wf  tlic  largest  calibers,  in  order  to  cover  the  largest  field  of 
B  effectually,  am)  prevent  the  approach  of  vessels  of  all  kindt. 
ley  most,  besides,  possess  a  proi>ort)ou  of  smaller  calibers,  in- 
loding  some  lield  ptfces  f>-r  the  land  fronts,  and  to  bu  ssed  in 
Icrruptiug  the  landing  of  troo[>s. 
'riic  maximum  amount  of  ammunition  is  1,000  rounds  per  gnn, 
>  per  hxwitxer,  bitO  for  li>-im;h  mortars,  and  7<W  for  8-iiich; 
9  nunpart  and  5,iKiO  liand  grenades ;  and  tbc  minimum,  three 
ftbis. 

t  artiller}'  officers  in  a  fort,  and  more  especially  the  chief 
li.diOBkl  be  perfectly  actjnainted  with  all  parts  of  the  work, 
tnd  all  the  uljaccnt  ground  within  the  sphere  of  attack,  M  oo 
(kcsit  will  dei>cnd  the  proper  disposition  of  tlie  pioeei 
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should  also  have  marks  on  the  surrounding  ground,  bo  as  to  be 
able  to  estimate  correctly  the  distances  of  the  works  and  batteries 
of  the  besiegers. 

There  should  be  at  least  one  skillful  gunner  for  the  service  of 
each  piece,  and  as  only  one  third  of  the  garrison  are  generally 
under  arms  at  a  time,  there  should  be  three  times  as  many  of 
these  gunners  as  there  are  pieces  in  the  place,  including  the 
reserve  pieces.  Three  auxiliaries  for  each  piece  of  small  cidiber, 
and  four  for  the  large,  may  be  taken  from  the  infantry.  The 
workmen  and  artificers  should  number  nearly  one  fifteenth  of  the 
gunners.  In  case  of  necessity,  the  services  of  citizens  to  assist  in 
working  the  guns,  may  be  made  use  of,  or  they  may  be  employed 
as  workmen  and  artificers. 

Besides  the  battery-horses  used  in  making  sorties,  a  certain 
number  are  necessary  to  transport  the  pieces  from  place  to  place. 

When  the  place  is  about  to  be  attacked,  the  bastions  are  each 
armed  with  three  pieces,  placed  in  barbette ;  one  8-inch  howitzer 
in  the  capital  and  one  18-pdr.  on  each  face.  The  fianks  are  often 
armed  with  field  guns  to  fire  through  the  embrasures  at  recon- 
noissances  and  workmen.  The  front  of  attack  is  lighted  up  with 
pitched  fascines,  rampart-pots  filled  with  composition,  or  with  tar- 
barrels  and  fire-balls  thrown  forward  towards  the  enemy. 

The  enemy  should  be  closely  watched,  in  order  to  ascertain 
the  moment  when  he  opens  his  trenches.  For  this  purpose, 
the  garrison  should  be  in  communication  with  persons  outside,  if 
possible,  so  as  not  to  be  taken  by  surprise.  Some  field  pieces 
should  then  be  run  out  in  front  of  the  glacis,  the  enemy's  position 
lighted  up  with  fire-balls,  and  grape-shot  fired  upon  his  workmen 
for  two  or  three  hours ;  after  which,  the  enemy  having  sheltered 
himself  from  such  projectiles,  shot  and  shell  are  used,  the  latter 
with  but  little  velocity,  so  that  they  may  ricochet  along  the 
ground  and  enter  the  trenches. 

So  soon  as  the  point  of  attack  is  satisfactorily  determined,  all 
the  disposable  artillery  is  placed  in  the  most  favorable  positions 
for  sweeping  the  ground  in  front.  For  this  purpose,  one  8-in. 
howitzer,  firing  along  the  capital,  and  five  18  or  24  pdrs.  on  each 
face,  are  placed  in  the  bastion  of  attack.  Seven  or  nine  pieces  of 
like  caliber,  and  similarly  disposed,  may  be  placed  in  the  cavalier 
of  the  bastion. 
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Eleven  pieces  are  ))lac(>(]  in  cacli  dcnii-liuie  of  tlic  nttack,  one 
n  8-in.  Itowitzer,  firing  along  the  capital,  the  others  12  or  18 
idra.  Sit  on  tlio  face,  bearing  on  the  gmund  opjiocite  tlio  hu* 
ton  of  attack,  the  other  three  on  the  otiier  faee. 

FJTH  piuctw  of  large  coliher  on  the  faces  of  tlie  two  collateral 
ItaBlidiis  which  l)ear  nioitt  directly  on  the  trenches;   and  their 
inks  which  bear  on  the  hiution  of  attack,  ahould  each  rcccJTo 
bnr  piece*  near  the  angle  oftlie  cnrtain. 

In  the  collateral  <lcini-hine«,  eix  pieces  arc  placed  on  the  faeoa 
iiat  hear  on  the  trenchea. 

Sixteen  8-in,  howitzers  should  be  placed  in  the  covered  trays 
t  the  point  of  attack,  and  of  the  two  collateral  fnnte ;  two  being 
n  each  place  of  arms  to  fire  in  ricochet  along  the  capitals.   Attouc 
vtgily  mortars  Khonld  bo  dietribntcd  along  the  curtains  and  in 
e  dcmi-lnne  rcdoabts. 
The  irii»ct«  on  the  faces  which  are  e]ifiladi>d  ehonld  be  covered    i 
%j  gnbionadc  traveri!**.  one  between  every  pair.     The  barbettes 
1  the  enlicntA  will  he  partly  cut  down,  and  the  parapet  ratsod  to 
(bnn  einbra*uri-«  for  the  gnns.     Tlie  traveree*  are  23  feel  long, 
B  foot  high,  and  \'2  ft^«t  thick  at  the  ha»e  by  S  feel  at  lop,  and  are 
wettwi  with  gabions. 

The  pieces  enumerated  form  a  medinm  armain«nt  for  the  point 
t  attack  at  this  period  of  the  defenoe ;  and  wbiUt  they  are  being 
placed  in  position,  embrasures,  plalfomiA,  and  traverses  arc  pro- 
I  at  fiitilable  pofilinns.  In  place  the  artillery'  under  eheltor 
I  as  the  enemy  bhall  have  eBtabltslied  hi#  enfilading  bat- 

A  continuous   fire  should  be  kc]it   up  on  the  parta  of  the 
tn-orhe*  in  pnigrew,  partiruiarly  wh«iJ  the  enfilading  batteriea 
ore  eoninicnce<l.    Tlie  tire,  in*1i-ad  of  being  scatlereil  over  all  tho 
batleriias  shiiuld  be  cuneeiitrated  on  a  few  of  the  principal  one*,   ; 
as  by  delaying  tliese,  the  othtfrs.  If  the  besiegers  act  i>rudently,  | 
will  not  t>iien  their  fire  nntil  all  ara  ready. 

A*  nvtn  OS  the  enfilading  batteri<-«  begin  to  produce  a  marked 
effect,  lialf  tlie  pieces  on  the  face*  of  the  defense*  arc  «-il]idr«wii 
and  held  in  reterra,  those  being  retained  in  position  which  are 
best  protected  by  the  traverse*,  and  keep  up  a  steady  fire  on  the 
heads  of  the  approaches  as  tliey  are  advanced,  reitoubUng  tho 
ricochet  firing  whenever  the  workmen  and  guard  of  tho  trcnelm 
ore  n^icvcd. 
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After  the  third  parallel  is  eonstnieted,  the  howitzers  may  be 
advantageously  replaced  by  stone  andcoehorn  mortars  firing  from 
the  covered  ways,  and  the  redoubts  of  the  re-entering  places  of 
arms.  Guns  will  be  placed  in  embrasures  to  fire  in  the  direction 
of  tlie  ditches  of  the  demi-lunes  of  attack  against  the  crowning  of 
their  covered  ways. 

The  defense  at  this  time  should  be  more  than  ever  energetic. 
Tlie  converging  and  close  fire  of  the  artillery,  combined  with  that 
of  small  arms,  is  capable  of  retarding  very  much  the  progress  of 
the  besiegers.  Their  works  should  now  be  well  lit  up  at  night 
with  fire-balls,  to  prevent  their  rapid  advancement  under  cover  of 
the  darkness.  Tlie  embrasures  should  be  protected  with  bullet- 
proof shutters,  or  masks.  Blind^^  or  covers  of  timber,  fascines 
and  earth,  under  which  guns  can  be  secured  from  projectiles 
which  would  reach  them  at  top  or  in  fiank,  will  now  be  very  ser- 
viceable ;  but  they  must  not  be  exposed  to  the  direct  fire  of  the 
enemy,  and  should  allow  free  escape  to  the  smoke,  without  which 
they  would  prove  untenable.  A  few  guns  covered  in  this  way, 
and  placed  in  the  salients  of  the  collateral  works,  to  take  in  re- 
verse the  trenches  constructed  on  the  glacis,  will  greatly  retard 
the  progress  of  the  sappers. 

As  soon  as  the  besiegers  have  arrived  at  within  30  yards  of 
the  covered  way,  hand-grenades  are  thrown  into  their  works, 
stonc-mortars  are  gathered  in  the  adjacent  portions  of  the  work, 
and  the  establishment  of  the  breaching-batteries  retarded  by  a 
well-sustained  fire  of  shot,  shells,  grenades,  &c.  Tlie  pieces  are 
now  withdrawn  into  the  redoubts  of  the  work  abreast  of  the 
besiegers.  The  demi-lune  redoubts  receive  5  guns  in  the  salient 
and  4  on  the  flank  looking  towards  the  bastion  of  attack.  The 
redoubts  themselves  are  not  disarmed  until  the  last  extremitv, 
when  the  pieces  are,  if  possible,  withdrawn  into  the  body  of  the 
place. 

As  the  moment  for  crowning  the  covered  way  approaches,  tlie 
eff'orts  of  the  besiegers  to  retard  the  works  of  attack  will  be 
redoubled.  In  addition  to  the  measures  already  laid  down,  the 
flanks  which  bear  on  the  point  of  attack  will  be  armed  with  artil- 
lery ;  and  oblique  embrasures  will  be  constructed  in  the  curtains, 
to  sweep  the  positions  along  the  bastion-covered  ways,  where  the 
besiegers  are  making  the  breaching  and  counter  batteries. 

The  different  breaches  are  defended  with  grape,  hand  and 
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rfttnpftrt  grenfulcs,  I'owdcr-bagB,  Ac.  Small  oiincft,  or  bomb-foii- 
gtuMiR,  should  lio  prupunid  nt  tlic  snaimit  of  tlm  ])reiLch,  to  ha 
exploded  as  soon  u  lli«  bcsic^i'rn  j;ain  pu6HC-««ion  of  it  Tlio  top 
of  the  breach  is  strcwud  with  every  iKW^iblc  obstacle  tbat  can 
retard  tbe  progrow  of  ibe  Monntnf;  party  ;  and  grenades,  than- 
deriog  barre-JH,  i&c.  will  be  n>lltMl  duwii  on  the  troops  u»  tliey 
BMvnd  the  bIojw.  CoeUom-mortani  and  ficld-liowitzcre,  loaded 
vitb  grape,  are  placed  in  poiulion,  ready  to  &tw  ujmju  tlic  eueiuy 
aa  soon  as  he  reactiea  tlic  top. 

S»-coABT  DhFtMEs. — Artillery  plays  tlie  mort  importoDt  part 
In  Mta-coast  dcfcnsvti ;  more  cepecially  now  ttiat  tlio  caliber  liaa 
been  so  macli  incrt^ecd,  as  by  a  Miiglo  woll-din-clrd  shot  to 
endanger  tlic  itafcty  uf  pliips  of  tbu  lar^i^t  cla&r.  Tlie  fixed  po«- 
tion  of  tlie  land'b&ttery,  and  the  «niall  surface  which  it  prc«enta, 
gire  it  an  iuimcnfte  advantage  over  veescU.  It  may  be  laid  down 
as  a  principle,  tbat  a  land-batterj*  of  4  pieces  is  capable  of  con- 
tundin^  advantagcoaaly  with  a  sliip  uf  120. 

Soa-cuait  battcricfi  arc  usually  estaMishcd  near  tbe  entrances 
(if  {torts,  or  at  other  |>oints  on  the  coast,  for  tbe  defense  of  road- 
stvads,  anchorages,  small  conimercial  ]K>rta,  &c.  Tliey  should  be 
as  far  adrancvd  as  potaiUe,  as  on  inlands,  projecting  points,  &c., 
in  order  tw  maintain  command  over  as  groat  a  distance?  as  possible. 
A  relief  «f  trvut  30  to  45  fl.  protects  tlieui  from  tliv  rieuchcrt  firo 
of  ship«,  whilst  it  gives  the  pieces  tlie  j>ower  of  osing  that  fire  on 
the  water  up  to  1,500  yards.  Shot  loces  but  little  of  iu  forec  by 
ricocheting  over  calm,  kiIU  water.  One  of  large  caliber,  which 
baa  ricocheted  at  i,SOU  yards,  has  still  sufticicnt  force  to  pvnctratc 
th«aide  uf  th«  largest^ized  Tci*el.  If  the  ground  betwiMm  tlie 
batlL-ry  and  the  sea  presents  a  slope  favorable  fur  tlie  rieodiet 
fire  of  an  enemy,  it  should  be  cut  into  terraces,  the  rises  of  which 
will  catch  tlic  sJiot. 

Tlie  distance  of  the  anchorage  is  deteniiiiied  by  the  depth  of 
water  at  diHVruut  points  of  the  coast.  Tht?  largmt  cbias  of  Tcssets 
reiiuire  fnun  ii  to  30  ft. ;  frigates,  from  19  to  23  ft, ;  anil  sloops  of 
war.  from  10  to  1$.  It  is,  therefore,  easy  to  ascertain  the  distance 
of  an  anchurugu  fn>ni  a  battery  according  to  the  kind  of  vessel. 

Tliu  jiampct  of  thc*c  batteries  should  bo  of  earth,  or  at  least 
corervd  with  it  tn  a  depth  uf  ^  ft.  It  Is  about  IS  ft.  thick,  and 
T  It.  d  in.  blgli.     It  Is  frequently  revetted  on  the  interior  with 
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masonry  to  a  height  of  about  4  ft.  2  in.  The  width  of  the  terre- 
plein  is  18  ft.  When  subject  to  enfilade  from  the  fire  of  shipping, 
returns  are  made  at  the  extremities,  and  traverses  placed  at  inter- 
vals.   The  ditch  should  be  as  deep  as  possible. 

The  distance  between  guns  and  howitzers  is  from  18  to  21  feet, 
and  the  height  of  the  interior  crest,  above  the  platforms,  about  5 
feet,  so  that  the  pieces  may  fire  over  the  parapet  and  follow  vessels 
under  way.  The  field  of  fire  of  each  piece  is  90°,  or  45®  on  each 
side  of  the  directrix,  so  that  if  a  vessel  passes  a  battery  at  a  dis- 
tance of  300  yards,  it  is  under  the  fire  of  a  piece  for  at  least  a 
distance  of  600. 

The  armament  of  sea-coast  batteries  varies  with  tlieir  imports 
ance.  The  largest  are  armed  with  the  largest  guns,  32  and  42  pd. 
columbiads  (now  64  and  128  pds.),  and  sea-coast  howitzers.  Some 
field-howitzers  are  sometimes  also  included.  A  certain  quantity 
of  light  artillery  (especially  howitzers),  is  also  necessary  to  accom- 
pany troops  which  may  be  detached  to  prevent  an  enemy  from 
disembarking.  But  few  pieces  are  kept  mounted  in  our  sea-coast 
defenses ;  and  in  case  of  a  threatened  war,  this  would  be  the  first 
measure  to  be  attended  to. 

In  time  of  war  a  sentinel  is  posted  night  and  day  on  these 
batteries,  to  give  the  earliest  intelligence  of  the  appearance  of  an 
enemy.  Everything  should  then  be  prepared ;  charges,  projec- 
tiles, &c.  Tlie  platforms  should  be  swept  clean,  and  it  should  be 
ascertained  beforehand  that  the  chassis  move  freely  on  the  traverse 
circles.  Tlie  pieces  are  fired  at  the  water-line  of  the  vessels.  K 
the  shot  falls  short  it  will  reach  the  vessel  by  ricochets ;  and  the 
chances  for  producing  a  good  effect  are  greater  than  when  firing 
higher. 

Hot  shot  may  be  most  advantageously  employed  against  ves- 
sels at  anchor,  and  for  combats  of  a  certain  duration,  which  allow 
time  enough  to  heat  the  shot  to  the  neeessaiy  degree,  and  the 
requisite  careful  and  deliberate  aiming. 

Sea-coast  batteries  are  provided  with  furnaces  or  grates  for 
heating  shot.  One  hour  is  required  to  set  one  of  these  furnaces 
going,  but  after  that  only  from  30  to  35  minutes  to  heat  a  32  or 
42-pd.  to  a  cherry  red. 

A  cold  shot  makes,  in  the  side  of  a  vessel,  simply  a  hole,  which 
closes  up  in  part  by  the  elasticity  of  the  wood,  and  is  easily  stopped 
with  a  large  plug. 
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Tlte  nu  of  shellti  with  opa-coaHt  artillonr  pertnils  rapid  firing, 
and  «i»b1e0  uh  to  at'ize  the  faroralilc  (x^caaiuna  wlicn  the  nioftt 
injury  can  be  inflicted  on  the  coemj. 

The  fire  of  heavy  8  and  10  in.  shrll-gans  is  nlmo^  a«  accurate 
a  that  of  fnins,  and  tukes  effect  at  from  S/KKl  t<^  !i,M)0  yard* ;  but 
■  dm  incwt  efficient  range  ie  from  1.100  to  1,90<»  vanla. 

Hi-inch  inortara  give  ranges  of  over  ^.(HXl  Ta^dl^  and  are 
[i  employed  against  distant  anchorages.  Tlieir  fire,  although  very 
[- tincertaio,  is  of  great  i^oral  effect,  in  the  dpfense  of  aea-coaeta, 
I  from  the  knowiedgo  of  the  great  havoc  aomctijncB  produced. 

If  tlie  proximity  of  nn  anohoragu  cnuhlce  an  (.-nciny  to  man 

I  his  toik»,  and  obtain  a  phiuging  fire  into  the  battery-  defending  it, 

I  field-piecea  are  establiabed  in  the  rear  to  firo  upon  the  netting  of 

'  the  tops.     Itoekets  ami  other  incendiary  fire-works  would  be  fired 

against  the  aaila  and  rigging  to  set  them  on  fire. 

tiring  fn^m  tdiijis  is  rery  uncertain,  on  account  of  the  movo- 
meflt.  As  the  range  ie  shortened,  the  fire  improves ;  hut  the  ahip 
bfing  thereby  brought  within  shorter  range  of  the  gims  and  how- 
itzera  of  llie  battery,  the  contwt  becomes  more  tliaii  ever  nnequal. 
The  Itombardroent,  by  thw  FrL-nch,  of  the  castle  of  St,  Jnui 
d'UlIoa,  took  place  at's.CHH)  yardn.  <H'  SOS  shells  firet],  6  only 
fell  in  the  fort,  whilst  some  went  1,201)  yards  beyond. 

In  estimating  the  ijnantity  of  artillery  ncccwarf  for  the  arma- 
mont  of  g  permanent  fortification,  coneiderablo  discrepancy  of 
opinion  exists  among  military  writers.  A  resolute  garrison  miglil 
preserve  a  work  of  tolerable  strength  fn>m  a  coup  de  main  witli- 
oul  the  aid  of  cannon ;  and  nn  idea  of  the  maximnm  amount  of 
artillery'  might  l>e  arrived  at,  by  supjioaing  eaeb  front  amiMl  with 
as  many  pieces  as  it  can  carr^',  with  a  suitable  number  of  pieces 
in  reservD  to  provide  for  ca»ualtie».  But  these  are  inaduiaaible 
extremes ;  and  a  medium  estimate  is  to  allow  3  heavy  grms,  and 
I  heavy  mortar,  for  each  bastion  or  front,  witli  6H  heavy  guns,  20 
heavy  mortars,  and  10  stone  or  light  mortars  for  the  armament  of 
ibc  iwint  of  attack. 

An  estimate  of  tJie  allowance  of  am  munition  iimode  by  allow- 
ing \,*X*>  rounds  for  each  gun,  800  for  each  mortar,  \(Ht  musket 
i-artrid)tcs  |ter  day  for  eaeh  soldier  on  guard,  and  3U0  lbs.  of  pow- 
der for  each  mine. 

In  eatimatiog    tlw  quantity  of   artillery   noccamy  for  1 
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besiegers,  the  quantity  employed  by  the  besieged  is  taken  as  a 
basis,  and  as  many  guns  and  mortars  allowed  for  the  enfilading, 
counter,  and  mortar  batteries  as,  is  presumed,  form  the  armament 
of  the  point  of  attack,  with  the  addition  of  40  or  50  heavy  guns 
for  the  breacning  batteries. 

The  medium  allowance  of  ammunition  for  the  artillery  is 
1,000  rounds  for  each  gun,  and  800  for  each  heavy  mortar. 

These  estimates  are  of  a  very  general  character ;  and  are  intro- 
duced merely  to  give  some  idea  of  the  relative  proportions  in 
question. 


,  f.'.  -"^Y 


PiSSAOE  or   RtVKIta. 


CHAPTER    XIV. 


THE    PASSAGE    OF    RIVERS. 


Watek-Codbses  are  gencrall/  the  most  Important  niid  usual 
u1j«Ini!lc«  ofTurt-d  to  tliu  iiiarcli  of  nn  anny ;  utd  const^ueotly 
from  till-  most  remote  periods  armi<M)  arc  found  carrying  with 
thvnt  Uiu  mBtcriuls  to  cunstmct  bridges  or  other  mofins  of  crossing 
river*. 

The  mktcrliUii  mndu  iisu  of  aru  of  rarioiu  kindji.  Somctimei 
hoftU  made  to  be  token  aj>art  f  'f  tratuportation,  sometimes  trestle- 
work,  and  sometiinoA  a  fliwring  supported  on  boata,  rafts,  or 
inflated  vessels. 

In  France  copper  pontoons  were  in  use  in  the  times  of  Lotus 
XIV.  and  XV,  Gribeaoval  substitated  boat«  for  th«  pontoons, 
wLtch  ;;nulua]Ir  disappeared. 

Hridgm  eunstniclvi!  of  Uie  materials  found  on  the  spot  are, 
huwerer,  much  more  fret^Honlly  mentioned  than  those  made  from 
euch  a*  were  already  prepared  and  carried  witb  armios.. 

Under  Lonis  XIV.  (be  bridge  C[uipa^  was  placed  in  charge 
of  the  artillerr,  where  it  still  remains ;  it  bcin^  considered  that  a 
corpa  which,  tiko  tha  French  artillery,  lias  cbarf^  of  such  a  lar^ 
numher  of  workuieo,  teams,  and  supplies  of  different  kind*,  and 
which  \i  itself  so  mnch  intere.'ited  in  having;  stable  brides,  should 
have  the  coatnd  uf  tlieir  cnnstruction.  The  pontooueers  fonn 
nnw  In  tlie  French  tert-ice,  a  regiment  of  artillerr.  In  the  United 
Stales'  tnrnce  they  arc  confined  cJiclusivclr  to  the  cd^mt 
cor|<«. 
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A  river  flowing  in  front  of  an  army  forms  a  natural  fortifica- 
tion, and  compels  an  enemy  to  approach  with  a  contracted  fipont 
in  order  to  cross  it ;  whilst  in  rear  it  presents  a  grave  obstacle  to 
a  successful  retreat.  Its  importance  however  is  much  diminished 
in  both  views  since  the  great  improvements  made  in  the  constmc- 
tion  of  bridges.  Skillful  generals  have  usually  overcome  the 
obstacles  of  this  operation,  either  by  surprise  or  by  forcing  rapidly 
a  passage. 

In  SuRPRismo  a  Passage  the  attention  of  the  enemy  is  distrac- 
ted by  false  attacks,  which,  obliging  him  to  divide  his  forces, 
allow  tlie  passage  to  be  made  at  points  deprived  of.  troops,  or 
badly  defended.  In  the  celebrated  passage  of  the  Rhine  by  Gen. 
Moreau,  in  1793,  five  diflTerent  attacks  were  made. 

In  Forciko  a  Passage,  a  commanding  position  is  chosen  at  a 
point  where  a  stream  makes  a  sharp  re-entering  angle.  Strong 
batteries  are  established  there,  crossing  their  fire  on  the  salient 
made  by  the  opposite  bank.  The  fire  of  these  batteries,  bein^ 
converging,  is  formidable  against  the  enemy,  whose  fire  is 
divergent,  and  whose  artillery  concentrated  in  a  small  space  is 
more  easily  destroyed,  or  silenced  and  forced  to  retire.  The 
troops  are  then  advanced  under  cover  of  the  fire  of  the  artillery, 
and  throwTi  across  to  the  opposite  bank. 

When  a  river  is  from  400  to  600  yards  wide  it  is  very  difficult 
to  make  the  passage  except  by  a  surprise,  unless  there  are  islands 
the  possession  of  which  favors  the  construction  of  the  bridge ;  for 
the  enemy,  placing  himself  at  400  yards  from  the  end  of  the 
bridge,  could  destroy  the  attacking  party  by  afire  of  grape,  with- 
out the  latter  being  able  to  do  much  mischief  at  a  distance  of 
from  800  to  900  yards,  however  numerous  his  artillery. 

The  most  favorable  time  to  force  the  passage  of  a  river,  is 
just  at  the  break  of  day.  All  the  preparations  having  beea 
made  the  preceding  night  without  the  knowledge  of  the  enemy, 
an  entire  day  remains  in  which  to  effect  the  possession  of  the 
opposite  bank. 

The  passage  of  a  river  in  retreat  presents  the  greatest  difficul- 
ties. Many  instances  might  be  cited  where  small  streams  hare 
caused  the  ruin  of  considerable  bodies  of  troops. 

The  most  advantageous  point  for  an  army  in  retreat  to  pass  i 
river,  is  where  it  forms  a  salient,  and  the  bank  to  be  abandoned  is 
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mmuidod  bj  the  other ;  fur  then  the  troopa  luid  artillery  fint 
i  over  c&d  crow  their  Srv  in  front  of  the  brid^-,  keep  the 
acinj.'  at  n  dietsnci:,  and  protc-ct  the  tnovcmcntfl  of  tbv  troopt, 

TA«  pcutagt  of  a  river  »  oppoted  bjr  dnrtrojing  the  bridges 
tnd  otliur  uicanH  of  croMing,  which  may  extai;  by  wtabtiahing 
i\'»iTi'M  ill  central  po^iUuits,  so  as  to  be  able  to  move  them  ajpunat 
till)  enemy  at  any  reqiuriMl  point ;  but  a  paa§a^  can  be  efiectaally 
opposed,  only  to  an  extent  which  is  witliin  a  day's  march  for  Uie 
triKi[M.  Upon  the  points  mcuacod,  batteries  of  largo  caliber  are 
concentratwl,  and  mado  to  convci^i;  and  cruHii  thdr  Arc  upon  tlie 
cOL-uiy  anil  his  works.  If  timu  pcnntt«,  this  artillery  should  b« 
pruti^ctod  by  n  i>arai>et,  It  fvt^'I  tJiick,  and  Hi  hi^h.  Solid  shot 
and  aliell  fhoutd  be  fired  in  riootrliet  against  tlie  bridge  if  cstab- 
li*bed,  and  every  attempt  made  to  sink  the  boata  of  tho  enemy. 

RetossoiftSA.fcE. — \  careful  reconnoissanco  of  the  river  shoold 
prvccdu  all  kinds  of  pttseafjo  or  Qavi(i;ation. 

Data  with  reganl  tu  the  course  of  tlic  river,  itti  bends,  source, 
uid  month,  dtoald  be  collected,  and  the  parts  which  flow  through 
the  enemy's  country  he  discovered. 

Aj»ritrtain  if  it  is  navigable^  to  what  distance,  and  by  what 
kind  of  boats ;  any  dangerous  places  it  may  have  in  it ;  tlie  chan- 
(teU  vliich  are  tul>o  followed,  if  there  are  more  than  one ;  whether 
bridged  or  not,  and  if  so,  the  height  of  these  above  tbe  water; 
tho  slioaU  and  whirlpools. 

Reufii  or  shallow  water  where  boats  are  likely  to  ground,  am 
recognized  by  a  kind  of  ripple  in  the  water. 

Whirlpools  are  cavities  in  which  tlie  water  is  precipitated, 
tuniing  and  sinking  below  tlic  level  of  the  surroanding  wator. 
TtM|y  are  rcry  dangerous  in  navigation. 

Tbe  velocity  of  tlie  water  is  not  unifonn  all  atiross  tlie  stream. 
It  is  the  greatest  in  the  rur/-i-»f,  where  the  wafer  is  tbe  deepest,  and 
diminishes  towards  each  shore.  The  deepest  part  is  called  the 
navigable  channel.  The  eurrtnt  is  shown  hy  an  increased  height 
in  lliu  water.  Kivers  are  citoil  where  tho  current  is  a  yard  higher 
than  the  water  near  tho  hanks. 

To  dftrrmtMi  the  vtloriti/  of  the  river,  a  light  b<*dy  which  will 
float  is  thrown  in  ;  a  base  is  measured  on  tlie  bank,  and  the  time 
taken  tu  pass  over  this  distance  is  twice  noted,  and  tho  mean 
ukoD.  liividing  the  longtli  of  tho  base  line  hy  tho  time  rvdueed  to 
seconds,  give*  tho  velocity. 
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If  the  current  is  far  from  the  banks,  two  skiffs  are  anchored 
in  it  at  a  known  distance  apart,  and  the  process  gone  through 
with. 

Tlie  log  line  may  also  be  made  nse  of.  For  tliis  purpose  the 
float  is  attached  to  a  small  line  which  is  unwound  so  rapidly  as 
to  prevent  its  arresting  the  movement  of  the  float.  The  length  of 
the  cord  run  out  at  the  end  of  a  given  time,  is  measured. 

The  velocity  not  being  the  same  throughout  the  mass  of  the 
current,  if  the  mean  velocity  is  desired,  a  stick  weighted  so  as 
nearly  to  touch  the  bottom,  will  be  used  as  a  float. 

What  is  called  a  slight  current  shows  a  velocity  of  1.6  ft. 
per  second  ;  an  ordinary  current,  from  2.6  feet  to  3.2  feet ;  a  rapid 
current,  from  4.9  feet  to  6.6  feet ;  a  very  rapid  current,  from  6.6 
feet  to  9.9  feet ;  an  impetuous  current  which  nothing  can  resist, 
9.9  feet,  and  beyond  that. 

Rivers  are  more  rapid  the  straighter  their  banks  become.  Hie 
velocity  is  not  the  same  at  all  seasons.  The  velocity  of  the  cur- 
rent should  be  known  for  high,  mean,  and  low  water  mark ;  as 
also  tlie  difference  of  level  in  the  different  stages  of  the  water. 

The  influence  and  extent  of  the  tides  should  be  ascertained,  as 
also  the  direction  of  the  prevalent  winds,  the  position  of  danis, 
sluices,  and  dikes,  and  their  object.  Whether  the  destruction  oT 
these  will  produce  inundations,  or  fords  by  decreasing  the  depth 
of  water. 

Find  whether  the  stream  is  liable  to  sudden  freshets,  and,  if 
so,  at  what  seasons.  Freshets  occasioned  by  the  melting  of  snow 
occur  first  in  March  and  April,  and  afterwards  in  July  and 
August. 

Freshets  are  shown  by  an  increase  of  velocity  in  the  water, 
which  is  disturbed  from  the  bottom  of  the  stream,  throwing  up 
mud,  &c. 

The  right  bank  is  on  the  right  hand  looking  towards  the 
mouth,  and  the  left  bank  the  opposite  side.  Sometimes,  the  winds 
from  down  the  river  acting  against  a  freshet  and  tlien  going 
down,  a  flood  of  water  is  created,  which  may  cause  accidents  and 
frequently  inundations. 

Ascertain  at  what  seasons  the  ice  forms,  and  the  strength  of 
it.  The  breaking  up  of  ice  often  causes  sudden  freshets,  the  water 
having  been  dammed  up  by  it. 

Tlie  more  rapid  the  current,  the  heavier  are  the  bodies  which 
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Uie  stream  will  onrrj-  down.      Heavy  &tonc»  and  pebbles  are 

ira&li<xj  down  in  a  mountainoiui  conntry ;  and  in  a  level  oountr)* 

b  tliHvelocitr  of  the  water  is  known  to  be  so  mucli  tbo  loM  astbefuind 

K  depouted  by  the  curront  l^ecomus  finer,     TTio  inspection,  then,  of 

^  tiie  lied  of  a  strvam  will  dutcrniine  to  a  certain  extent  tbo  velocity 

of  tbe  onrrcnt. 

It  ehoold  bo  ascertained  whether  the  bottom  is  rocky,  pebbly, 
or  conipOHod  of  angular  Htone,  which  woidd  render  it  impraetlea- 
bio  at  the  fords  for  hones  and  carriages ;  whether  it  is  formed  of 
gravel,  earth,  shifting  sands,  or  reeds,  which  latter  may  be  thick 
ettuQ]^  to  interfere  with  lliv  passage  of  boats. 

Everything  which  tunds  to  diminish  tlie  velocity  of  tbe  water 
eaiixes  the  precipitation  of  tbo  earthy  matter  which  it  contains. 
The  rcflistanev  otfcrod  by  tlie  waters  of  the  sua  to  the  current  of  a 
stream  flowing  into  it,  catiw-^  the  fonnutioii  of  harN  at  tbe  month, 
which  intt-rfore  very  nmeh  with  navigation.  Such  bar*  arc  often 
funnt-d  at  the  months  of  tlie  brancbc*  of  a  river. 

Tlic  I'xittcnco  of  itiUnds  In  the  river  should  be  aeeortainod,  aa 
well  an  their  extent,  whether  H'ooded  or  not,  and  the  facilities 
they  pr»wnt  for  either  attack  or  defense. 

A  Mtreain  is  said  to  be  emhanied  whi-n  tin;  bank*  arc  consider- 
hty  above  the  level  of  tlie  wnter. 

The  *t>idtk  of  a  ttream  is  determined  by  stretching  aeroiut  it  a 
light  c<inl,  which  is  gradnated  by  tying  knots  along  it.  If  this 
means,  which  is  the  most  accurate',  cannot  be  employed,  and  it  i« 
ini[HM!siblo  to  crow  tbo  river,  the  width  is  determined  by  tlie  Md 
■t'  two  similar  triangles,  con-  & 

-inicteii  by  means  of  stake* 
and  a  common  sfjuare,  with  a 
conl  attached  for  determining 
tlie  direction  of  the  sides. 

For  this  porpuse  a  point.  A, 
Kig.  ^5,  is  selected  on  th« 
••pposilc  side  of  tbe  stream,  and 
a  p»lv  is  planli?d  at  some  point, 
B,  oti  tbe  obwrver's  side.  TTia 
small  oide  uf  tlie  M]nare  is  then 
plarnl  in  the  direction  B  C, 
and  the  direction  of  the  long 
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arm,  B  D,  staked  out  to  any  convenient  length.  The  square  is 
now  placed  with  the  angle  at  D,  the  short  arm  on  D  B,  and  the 
perpendicular  direction  D  E  marked  out.  From  E,  the  point  A 
is  sighted,  and  a  man  stationed  on  the  line  B  D  plants  a  pole  at 
F,  by  direction  of  the  observer  at  E. 

The  triangles  A  B  F  and  F  D  E,  give  the  proportion  D  F  : 
D  E  : :  B  F  :  A  B. 

The  first  three  lines  being  measured,  the  fourth  results  from 
the  proportion,  and  from  it  the  distance  B  C  must  be  subtracted, 
to  get  the  width  of  water. 

The  form  of  the  bed  of  the  stream  is  determined  by  sounding 
with  a  graduated  pole  or  line  at  known  distances  from  the  shore. 

Tlie  variations  in  the  level  of  the  water  can  be  ascertained  by 
observing  the  height  on  stakes  driven  into  the  bed  near  the 
shore. 

It  is  noted  whether  the  banks  are  steep,  if  they  are  very  high 
or  not,  and  if  they  present,  within  range,  points  advantageous  for 
attack  or  defense. 

Some  streams,  especially  those  subject  to  great  swells,  often 
change  the  direction  of  their  waters. 

Kivers  with  low  banks  often  overflow  to  a  considerable  dis- 
tance. The  presence  of  dykes  or  levees  indicate  that  a  river  is 
subject  to  floods,  and  the  extent  of  the  inundations  should  be 
ascertained. 

It  should  be  known  whether  the  borders  of  a  stream  are 
marshy,  and  to  what  extent. 

The  branches  of  the  river  should  be  similarly  exammed,  espe- 
cially those  which  flow  through  the  enemy's  country. 

Examine  such  bridges,  ferries,  fords,  &c.,  which  exist  on  the 
stream  or  its  branches,  and  which  may  offer  the  means  of 
crossing. 

All  these  data  serve  to  determine  the  manner  in  which  the 
passage  is  to  be  effected,  after  considering  the  disposable  resources 
and  the  time  that  can  be  spared. 

Streams  may  be  passed,  let,  by  swimming ;  2d,  upon  the  ice; 
3d,  at  a  ford ;  4th,  on  floating  movable  bodies ;  or  5th,  on 
bridges. 

The  most  perfect  order  should  be  maintained  in  these  different 
operations.     Care  should  be  taken  to  give  the  banks  a  gentle  slope 
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•flMlhvpOUit,  in  order  Ui  rcndtT  the  ajiproaclica  easy  for 

and  oarriagen,  and  with  tlie  same  idt.>u  a  jioiiit  it  cliuscn 

B  Uie  stream  U  aa  caail^  acceaiiible  km  powible.  ^  ' 

Bwihmhio. — let.  Tho  paeeagc  hy  swimniiuj;  can  he  bucccm- 

ribll;^  cffuclcd  only  when  iLb  troojiB  have  been  instructed  in  tlio 

Mt.     In  France,  thu  rugnlations  prescribe  swimming  aa  one  of  the 

exen'i«»,  whiUt  in  this  country  it  i«  entirely  neglected. 

Tht!  [.•xperim«ntd  niadt!  witli  cotnjianic^  of  swininiGrs,  fully 
IbJomonBtrate  tlio  important  rcsullA  which  could  be  obtainud  by  a 
nody  of  infantry  well  instmctcd  in  swimming. 
Il  Caralrj  can  pass  by  ewimming,  much  more  easily  than  infan- 
Hiy,  aa  tliu  horao  awinis  naturally.  All  that  ia  required,  h  not  to 
HPppDBo  him  too  much  in  his  movvnicnte,  and  to  pase  in  a  direction 
nifllquu  snougfa  to  prevent  the  current  getting  too  great  a  pur- 
'  hsue  upon  him. 

It  in  atatcd  that  uix  army  once  croaaing  tlio  lUiine,  found  it 
l'«rdable  except  for  about  IIXI  yards,  and  tliat  aeveral  horvemun 
having  loet  their  lives  in  attempting  to  awim  it,  tlie  reat  nwortcd 
to  thu  exjiedicnt  of  crossing  with  a  eqnadron  front,  tlie  men 
mutoally  toatained  each  otlier,  reached  tlie  oppoaite  hank  with- 
out loia,  and  diapened  the  enemy.  All  the  cavalry  paaacd  in  the 
aame  way. 

Somctimca  tlie  lior«vs  only  arc  made  to  awim,  that  ia,  without 
their  ridcra,  and,  being  left  to  thein«elvc«,  follow  othcre  which 
an:  ImI  hy  men  in  Iniatit.  In  diMuibarking  honiua,  they  are  atime- 
tiraM  put  ovorbuanl,  and  find  tlieir  way  to  «l]oro  without  further 
aaaiAtanee. 

Ox  Ics. — This  meana  of  cruaaing  a  stream  is  very  precarions, 
aa  the  ice  may  bi  bn>k(.'n  up  by  a  change  of  tompcraturv,  and  the 
oommuoication  betwi'en  the  two  portions  of  an  anuy  inlcrmptcd. 
The  paaaa^  must,  besides,  bo  iiiailc  with  tlie  greatest  proeautioa 
and  order,  l<i  prevent  terrible  accidunto  which  would  rMult  from 
tlw  ioe  giving  way.  sltouhl  it  be  overloaded. 

lee  from  3  to  .1.5  in.  thick  will  i^uiilain  infantry  when  march- 
ing hy  Gte.  With  a  tliiekncaa  of  4.3  in.,  cavalry  and  light  gans 
can  paM  over.  With  6  in.,  heavy  ficld-piccca ;  8  in.  will  support 
84-[Mlr.  gnnaon  aledges,  with  a  weight  not  greater  lluui  1,0(10  lbs 
to  tlie  square  foot.  Beyond  tlua,  tlie  tar^gest  can  be  taken.  For 
gn«t«r  ■ucority,  the  wheels  may  bo  fixed  on  thick  pUuk,  with 
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iron  clamps,  and  the  pieces  drawn  across  by  hand,  the  horses  be- 
ing unharnessed  and  led  over. 

Tlie  ice  should  always  lie  flat  upon  the  water,  otherwise  the 
passage  is  not  secure. 

In  very  cold  weather  the  thickness  of  the  ice  may  be  increased 
by  covering  it  with  a  layer,  of  straw  or  fascines,  and  throwing 
water  over  it. 

If  straw  or  fascines  cannot  be  had,  two  rows  of  logs  or  beams 
are  laid  on  the  ice  at  a  distance  apart  equal  to  the  width  of  the 
passage,  a  layer  of  earth  thrown  in,  and  on  top  water  ie  thrown. 
The  operation  repeated  from  time  to  time  till  a  solid  roadway 
is  formed. 

To  prevent  accidents,  boards  or  straw  are  placed  under  the 
wheels  and  the  horse's  feet ;  an  interval  of  twenty  paces  is  left 
between  the  carriages ;  and,  in  case  the  ice  is  not  strong  enough  to 
pass  them  over  on  their  carriages,  tlie  heaviest  pieces  will  be 
placed  on  sleds. 

During  the  first  part  of  the  passage  loud  cracks  will  be  heard, 
but  they  indicate  no  danger  unless  water  should  be  seen  coming 
through  the  fissures. 

In  the  winter  of  1794r-5,  the  French  army,  passing  over  the 
frozen  Zuyder  Zee,  captured  the  Dutch  fleet  with  their  light 
cavalry. 

3d.  Fording. — ^Tlie  fords  on  a  river  are  very  important  points 
for  crossing,  in  time  of  war,  either  a  small  detachment  or  a  whole 
army. 

The  best  are  those  with  a  firm  solid  bottom.  In  mountainous 
countries  they  are  apt  to  be  encumbered  witli  large  stones,  wliich 
render  them  impracticable  for  carriages.  In  a  flat  country  the 
bottom  is  frequently  composed  of  mud  or  fine  sand,  which  is  worn 
away  by  the  horses'  feet,  and  it  sometimes  happens  that  after  a 
passage  is  efl*ected  tlie  ford  is  destroyed. 

In  very  rapid  streams,  or  those  subject  to  sudden  freshets,  the 
fords  are  variable  in  position  and  depth,  and  can  be  but  little 
depended  on. 

The  ordinary  depth  for  infantry  to  ford  is  about  39  inches, 
though  wlien  the  current  is  not  too  strong,  the  men  can  pass  at  a 
depth  of  51  inches.  For  cavalry,  the  ordinary  depth  is  51  inches, 
and  for  artillery,  27.5  in.  when  the  ammunition  boxes  are  at  their 
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ni«I  height  (34  in.),  and  not  vatfir-tiffht.  If  they  Arc  frater- 
ight,  or  hare  hccn  raUcd  sufficiently,  tlie  camagca  cui  crofis  with 
B  depth  of  40  invhe*. 

Wli4>n  the  water  is  (leop  and  the  citrront  etron^,  gireat  care  \» 
I  nwcosarr,  eapccially  in  passiiijc:  over  artillery.  The  perBon  con- 
rdnctinga  colnmn  over  a  direct  furd,- should  kct-p  hiseyca  etoadily 
1.  fixed  on  tome  object  on  the  opposite  hank,  near  tliu  point  where 
[•'tlie  road  Ictave?  tlio  water.  He  plionid  not  look  at  the  Ktream, 
I' vhich  wonid  deceive  Iiira  l>y  appearing  to  carrj"  him  down. 
All  ihoiie  in  rear  should  keep  their  eyes  on  tlioflp  in  front. 
In  order  to  resist  the  jwwcr  of  the  stream,  it  is  necGBeaiy  to 
1  wade  ratber  against  it. 

Wlion  the  bottom,  or  tlie  bank  on  the  opposite  aide  is  bad,  the 

f'leailtna  of  the  rear  carriages  are  hilehod  to  thoM>  in  front,  and  on 

I  officer  stationed  at  the  entrance,  and  one  on  tlie  opjioBito  side. 

'  Uto  lir»t  cansefi  the  drivers  to  observe  the  di>>tance«,  and  directa 

them  bow  to  drive  across,  wliilc  tite  seeond  s!iow8  tltcm  how  to 

leave  the  ford.  . 

TIic  horses  sbould  not  bo  allowed  to  drink,  halt,  or  trot,  either 
in  pMMng  the  ford  or  in  leaving  it,  unless,  there  being  no  enemy 
in  tlie  fronts  the  stream  h  n  »nmll  one,  neitlier  deep  nor  rapid,  and 
wtfli  no  troops  waiting  in  tlie  rear  to  cross ;  in  wliicb  case  the 
hones  niny  he  allowed  to  drink  while  in  the  water. 

TItc  pUMULge  should  be  made  with  as  large  a  fmnt  aii  ]>oi«ibIe, 
and  ihr  heading  carriages,  after  reaching  the  opposite  hank.shonld 
wove  a  sufficient  distance  ahead  so  as  not  to  interfere  witli  tlio 
rear  carriages. 

A  stream  is  Mmelimc«  found  fordahlc  all  the  way  across  oi- 
eept  for  a  abort  diittatii-e,  cither  from  the  natural  de[>th  of  water 
at  tliat  place,  or  from  the  enemy  having  cut  a  ditch  there.  Id 
this  case  it  becomes  neceasarv  to  throw  in  a  tilling  of  faieioea 
hiailtnl  with  stones,  and  laid  up  and  down  stream,  or  boxot  or 
gabir-iu  filled  willi  stones  and  sand,  until  the  depth  of  wat(.T  is 
sufficiently  reduced,  lo  a  width  of  at  least  four  or  five  yards. 

Tlie  jiosilinn  of  a  fiml  in  known  l>y  the  infonnatiim  derived 
from  the  inhabitants  in  the  vicinity;  by  the  wheel-tracks  on  the 
hank  ami  in  the  water;  by  the  increaaed  velocity  of  the  eurn-nt, 
or  hrcndth  of  the  streaiu ;  or  hy  a  double  change  in  the  direction 
of  tliu  road  made  in  a  short  distance.    In  this  hut  case,  tlie  ford 
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runs  diagonally  from  one  bank  to  tlie  other.  They  are  sometimeB 
found  above  bridges,  above  or  below  a  bend,  and  at  or  near  the 
months  of  streams. 

The  best  way  to  discover  and  examine  a  ford,  is  to  descend 
the  stream  in  a  small  boat,  to  which  is  attached  a  sounding-line  in 
such  a  way  that  it  can  go  under  water  to  a  depth  of  39  in.  or 
51  in.,  according  as  a  ford  for  infantry  or  cavalry  is  sought  for. 
The  line  should  carry  a  float,  which  appears  above  the  surface 
when  the  lead  touches  the  bottom. 

On  the  lead  touching,  the  boat  is  stopped,  and  other  fordable 
points  sought  lor  in  every  direction  ;  the  points  touched  by  tlie 
lead  are  marked  by  stakes  forced  into  the  bed  of  the  stream,  the 
operation  being  continued  all  the  way  across.  Two  rows  of 
stakes  are  established,  sliowing  the  direction  and  breadth  of  the 
ford.  To  render  the  limits  of  the  ford  more  apparent,  cords  are 
stretched  along  the  stakes,  which  serve,  besides,  to  assist  those 
who  lose  their  footing,  or  are  carried  down  by  the  current.  This 
is  especially^ecessary  in  passing  a  ford  at  night,  when  torches  or 
lanterns  are  often  fastened  to  the  stakes.  If  the  water  is  shallow, 
the  stakes  and  cords  may  be  dispensed  with. 

A  ford  may  also  be  discovered  by  using  graduated  poles  for 
sounding.  The  Cossacks  seek  a  ford  in  this  way.  They  spread 
themselves  along  the  bank  of  a  stream,  sounding  it  with  their 
lances.  As  soon  as  one  discovers  tlie  ford,  the  rest  join  him,  and 
soon  find  out  its  breadth  and  direction. 

When  the  situation  of  a  ford  has  been  discovered,  and  before 
the  crossing  is  attempted,  it  should  be  explored  by  boatmen  or 
good  swimmers,  and  repaired  if  necessary.  Should  the  enemy 
have  dug  ditches  or  troua  d^  loup  they  should  "be  filled  up  with 
gravel,  or  fascines  loaded  with  stones.  Should  they  have  sunk 
obstacles  in  tlie  water,  they  are  removed  with  levers  having  hooks 
at  the  end  of  them.  Should  crows-feet  or  any  thing  of  tlie  kind 
have  been  spread  along  the  bottom,  they  should  be  covered  up 
with  fascines  or  hurdles. 

If  the  current  is  strong  a  rope  should  be  stretched  above  the 
ford  and  supported  on  empty  barrels.  Cords  are  tied  to  this,  and 
have  attached  to  them  buoys  or  pieces  of  light  wood,  which  the 
men  who  lose  their  footing  can  catch  hold  of. 

The   passage  is  commenced  by  the  infantry  in   columns  of 
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Hpatoons  Ht  nearly  tlie  full  distance.  TIio  artillety  nest,  ftnd 
Hitfte  cavalry  lont.  ThiH  order  ta  follon-cd  becausd  tlie  horses' 
fe^t  hollow  out  and  cut  up  tlie  ford  very  much.  The  iwldien 
advance  the  npatream  shoulder  and  carrj'  tlio  arm  on  that  aide. 
The  cartridge-box  ahould  be  pUeed  on  top  of  the  knapaack  to 
protect  tlie  animnnition  from  wet.  Tlio  men  shotild  keep  their 
eyes  Ktcadily  flxcd  njiuii  the  oppusite  bunk,  and  not  n]>on  the 

Inrrcnt,  which  wuuM  mUlead  tht;m. 
I  8unttttiincs  cavalry  ia  crtisaed  along  the  bpper  eide  of  the  ford 
Is  break  the  force  nf  the  current,  whilst  more  are  passed  over  on 
fhe  lower  side  to  aid  tlie  men  wlio  may  be  carried  down  the 
stream.  At  times,  cqiccially  in  culd,  wet  weather,  the  foot 
soldien  arc  carried  over  behind  the  mounted  men.  In  fine,  the 
order  in  which  the  paMiigc  i&  made  may  be  changed  to  suit  the 
circunistiuiecA  of  the  coho. 

In  [niiftlng  cavalry  over,  care  should  be  taken  to  rniao  tbo 
bridle  hand»,  in  onler  that  the?  horses  may  see  the  land ;  otiicrwiw 
their  sight  may  I>ecome  disturbed  by  the  current,  and  they  allow 
themselves  to  bo  drawn  down  the  stream. ,  They  should  not  bo  I  \ 

Knwcd  to  drink  either,  which  would  prodnce  the  i*ame  effccL    -   ,  i 
It  is  not  prudent  to  attempt  the  jiassage  of  a  ford  during  a 
ell,  nnlcas  it  is  certain  that  all  the  trooi>s  can  get  across  befuro 
ibe  font  bucuinra  impracticable. 

A  ford  cannot  be  ci>n»idered  u  u  certain  means  of  communi- 
cation for  an  army,  m  a  min-Ktorm  or  strong  freshet  may  destroy 
it,  or  rvnder  it  improetirnble. 

In  n!tn.^tting,  fortU  are  destroyed  by  cutting  ditelics  acrosa 
tlicm,  or  sinking  trouit-iU4oup ;  by  spreading  along  tlie  bottom 
ct»»ws-fcet  tfour-|>ointed  s|>ikes,  three  of  which  stick  in  the  gronnd 
whilfl  the  fourth  remains  up) ;  by  fixing  in  the  water,  with  stnmg 
pickets  and  mjH-ft,  common  harrowo,  planks,  or  tables  bristling' 
with  spikes  with  their  points  np;  by  tying  ttigethcr  and  sinking 
trecA,  the  branches  of  which,  turned  towards  the  enemy,  have 
betm  lopprtl  off  and  pointed  ;  by  sinking  cllereA^s-dl.^-(Kso:  tlie 
t>ort  met^Mid  of  securing  tlu-4«  tost  obstructions  Is  to  fix  to  them 
whrn  in  position,  canvas  bags  fillod  with  stone;  and,  last  of  all, 
ttic  bank.oppoftitc  the  ford  is  cut  down  steej*.  ^ 

4lh.  FiSKtes. — ^Tlic  passage  in  boats  may  be  effected  either  in     J 
the  {trexmce  uf  on  otcmy  or  by  sarprise,  ia  order  tu  protect  tht   I 
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construction  of  a  bridge ;  or,  it  may  be  effected  by  isolated  bodies 
of  greater  or  less  strength,  in  which  case  the  passage  is  performed 
much  more  rapidly  than  when  it  is  necessary  to  constract  a 
bridge,  and  then  break  it  up  again. 

In  the  absence  of  a  regular  bridge-equipage,  the  common 
boats  found  on  the  river  in  the  vicinity  are  seized,  and  taken  to 
the  point  selected  for  the  passage.  Tliis  duty  is  done  by  boat- 
men, escorted  by  light-cavalry,  and  provided  with  ropes  and  the 
requisite  tools.  The  movement  should  be  well  disguised  and 
rapidly  executed,  as  the  enemy  may  sink  the  boats,  or  run  them 
aground  on  his  own  side. 

To  float  a  submerged  boat,  two  others  are  used,  one  on  each 
side,  with  an  interval  between  them  greater  than  the  width  of  the 
sunken  one.  They  are  lashed  together  by  laying  a  couple  of 
beams  across  their  gunwales,  near  the  prows  and  stems,  and 
firmly  fastening  them.  The  boats  are  kept  in  place  by  fixing 
anchors,  both  up  and  down  stream ;  a  rope  or  chain  is  passed 
under  the  prow  of  the  sunken  boat,  and  as  far  back  as  it  will  go. 
One  end  of  this  is  fastened  to  one  of  the  side  boats,  whilst  tfie 
men  in  the  other  boat  pull  on  the  other  end  until  the  boat  rises, 
when  the  rope  is  fastened  to  the  nearest  beam ;  and  the  same 
plan  is  pursued  at  the  stern,  until  the  boat,  coming  to  the  surface 
is  bailed  out  with  buckets,  tubs,  &c. 

Another  method  is,  to  pass  two  ropes  under  the  bottom  of  the 
sunken  boat,  and  make  them  fast  to  those  alongside.  These  are 
then  partly  filled  with  water,  the  ropes  being  tightened  as  they 
go  down.  The  water  is  then  bailed  out  of  the  side-boats,  and 
they  rise  bringing  the  other  with  them.  Repeat  the  operation  if 
necessary,  until  the  boat  reaches  the  surface. 

If  the  boats  are  simply  stranded  on  the  shore,  the  water  and 
mud  which  they  contain  is  bailed  out. 

If  they  are  only  partly  sunk,  with  their  gunwales  above  water, 
or  only  a  little  under,  they  are  drawn  into  shallower  water,  and 
emptied  as  before. 

Auger  or  bullet  holes  are  stopped  with  conical  ping.  Those 
made  with  an  ax  or  cannon-balls,  with  tow  soaked  in  melted 
tallow,  and  kept  in  place  by  strips  of  boards  nailed  on  the  inside 
of  the  boat. 

The  boats  having  been  collected  at  the  designated  point,  the 
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pipBcity  of  each  one  is  detortouu.'d,  and  if  time  {>uni)itF,  the/  » 
Numbered, 

Tilt!  largest  Wats  ]iavi>  ihv  niovt  flaMlity,  and  are  least  Itoblo 
Ik  ovurftfl.     Tlie  Ipiioyancy  of  a  boat,  or   ita  rapacity  to  carry  - 
wc-i^it,  it  obtained  by  mibtrnrl!iij»;fVtii»i.i?8  weight  tlie  weight  of 
rolnmc  of  water  it  diaptacea  when  the  gunwalefi  arc  lerel  with  the 
water. 

To  calcnlato  the  weight  which  a  boat  can  carry,  mcaanro  the 
(rijfhl  of  the  j-uiiwa!e  when  afloat,  aliovo  the  watiT-line,  and  eal- 
late  the  stirraoa  of  a  horizontal  section  of  tho  boat  taken  at  a 
atancc  livlow  tlic  gunwale  cqnal  ^o  one  half  of  the  distancu 
Hind.  Multiplying  the  two  ex]>rosBed  in  fiset  together,  will  gii-o 
i  number  of  cubio  feet  of  capacity,  above  the  water-line.  The 
eight  of  a  cubic  foot  of  water  being  taken  as  G2A  Iba.,  if  a  ca- 
teity  of  212  cnbic  fcot  has  boon  found,  wo  will  have  13,228  Iba. 
■  tlio  weight  which  tlic  boat  is  enpablo  of  i-arrjiug. 

lint  as  it  Would  ho  dangerous  to  load  a  boat  with  its  gunwale 
Iftwn  u>  tho  water,  the  loud  muiit  nlwaya  he  nnder  that  givi-n  hr 
ne  ealeulation.  Hence,  the  calculation  can  he  made  ae<!urat« 
enougli  for  practical  ]iiiri»o»e»,  tm  the  upol.  and  with  the  eye. 

T)ic  hcialii  fthould  beaecnrately  insjiected  witli  regard  to  their 
solidity. 

Tlie  lower  the  center  of  gravity  of  the  load,  tho  less  liable  tlie 
boat  U  to  upat-t. 

Tlic  distanci*  a  boat  is  forced  into  the  water  by  the  load  and 
iu  own  weight,  is  onlU-d  its  draught  of  water.  Tlie  draught  ta  an 
imjifirtiuil  t>oini  of  c-(in«d«ration  on  streams,  the  beds  of  which 
have  nvU  and  thnllow  water,  on  or  in  which  the  boaLi  way 
groand  or  upuct. 

lltB  fidluwiog  data  may  scrrn  to  calculate  the  contents  of 

nata. 

A  man  c[>n]pli.<lcly  armml  weighs,  my  lfi*>  Ihs. ;  without  nrma, 

S  lb».    Tlm-o  men  ciulppcfj,  can  »tnnd  in  one  miuaru  yar<l.    A 

ne,  by  hiniK-lf,  wrigtta  l,(K)0  lbs.,  and  with  Iiis  rider  and  eqnip- 

Rit*,  1,32.1  lbs.     lie  oci'upies  a  tpace  of  -CI  inehee  by  10  feet. 

1  without  eqnipmetil^occupy  arpaceof  ono»<iuarcyard, 

1  wdgh  about  770  lbs. 

The  boats  tiaving  been  numbered,  a  itatcment  will  b«  drawn 

I,  alioving  the  prupo«pd  contvnta  of  each ;  and  four  boatmen 
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and  a  pilot  be  assigned  to  each.  To  propel  the  boats,  oars  and 
boat-hooks  are  used  ;  the  latter  are  poles  with  an  iron  point  and 
hook  at  the  end.  In  the  absence  of  a  rudder,  an  oar  is  used  for 
the  purpose. 

On  the  arrival  of  the  troops,  they  are  divided  into  platoons, 
and  the  chief  of  each  platoon  is  informed  of  the  number  of  his 
boat,  its  contents,  and  the  time  for  embarking. 

The  men  should  not  enter  or  leave  the  boats  in  close  order, 
which  is  liable  to  upset  them.  The  infantry  enter  the  boats  at 
the  prow,  tlie  men  seating  themselves  on  the  gunwale,  or  resting 
against  the  edge  of  tlie  boat,  commencing  at  the  stem ;  the  car- 
tridge box  is  turned  to  the  front,  and  tlie  musket  held  between 
the  legs.  Tlie  rest  of  the  men  remain  standing.  Should  there  be 
but  little  water  in  the  river,  the  boats  will  be  pushed  out  to  avoid 
their  grounding,  and  the  men,  if  it  is  necessary,  wade  a  few  steps 
in  before  entering  the  boat.  Tliis  may  be  required  also  in  disem- 
barking. Tlie  men  are  ordered  to  remain  perfectly  silent  and 
motionless ;  and  in  case  of  the  boat  striking  aground,  or  against 
any  object  and  leaning  over,  not  to  incline  too  suddenly  to  the 
opposite  side,  which  might  upset  the  boat.  In  case  boatmen  of 
the  country  have  been  employed,  a  strict  watch  is  kept  over 
them,  to  see  that  they  perform  their  duty  properly,  and  do  not 
escape.  They  have  been  kno^vn,  even  in  a  friendly  country,  to 
jump  overboard  to  escape  the  dangers  of  disembarking.  TTithin 
range  of  tlie  enemy,  the  men  should  have  their  arms  loaded,  and 
bayonets  fixed,  but  should  fire  only  when  directed  by  their  com- 
mander. 

If  possible,  in  shallow  boats,  rows  of  planks  are  laid  in  length- 
ways, in  order  to  seat  the  men.  This  lowers  the  center  of  gravity, 
makes  the  men  remain  more  quiet,  and  renders  the  navigation  of 
the  boats  easier  and  more  secure. 

In  the  United  States,  no  particular  boat  equipage  has  as  yet 
been  adopted ;  but  the  bridge-equipage  boat  of  the  French  has 
been  experimented  upon  in  connection  with  our  bridge  equipage, 
and  probably  would  be  used  were  an  emergency  to  arise,  reqni^ 
ing  a  regular  boat  equipage  to  be  fitted  up.  It  is  about  31  feet 
long,  6  feet  wide  at  the  widest  part,  and  is  capable  of  receiving 
25  infantry  soldiers,  besides  its  equipment,  and  the  men  to  work 
it,  5  in  number.    They  can  be  employed  on  all  kinds  of  water 
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lOWcvCT  wide  or  rapid,  ami  either  oa  boatii  for  tronfiport- 

B  across  riven*,  or  in  disembarking,  or  as  floating  8iip|iorts 

a  wtiich  to  build  a  bridge. 

FKKsrn  RiATB, — Tbe  French   artillery    snpply  anj   want  of 

capacity  in  their  boat  (xiuipagc,  aiid  render  thv  boat«  loss  IJnbiu 

to  iijiKct,  by  cuunecting  toftetlier  iwu,  fonr,  or  even  itix  uf  tlitvn ; 

fi>nninjr  tbn*  a  train  capable  of  carrying  a  niudi  larger  niuiiber 

of  men  than  if  the  boat«  were  wparale.     Tlie  fynr  extrt^inc  knees 

k>«f  these  Wat*  are  proUmgi'd  iijt  above  the  gunwale*.     Against 

te,  and  acrti»ft  the  giinwale«  of  two  boats  lying  aide  by  «de, 

I  placed  Kniall   beanis  to  wliieli    tbeec  projecting  knees  arc 

ihcd.     Fourof  tlieAohoatfl,whieh   ji  "^j^    ■  t^ 

Vhen  singks  carry  only  lUO  men,  tji^  -^^  I-' 

tkro  eajiablo  when    connected   to-  jlf 

Mher,  as  i^hown  in  the  figiiri',  SD(!, 

f  carrying  ISO,   Tlie  print-iplo  can 

»1w  applivil  advantageously  to  all  kinds  of  boats. 

ThoAe  trainit  do  not  travel  as  fust  as  single  boats,  and  drift 

Tlio  men  remain  standing. 
Tu  rus  cAVAt^r  over  in  theM>  boats,  six  tnen  are  placed  in 
I,  holding  by  the  rein  their  liorscs,  which  swim  over,  three  on 
tch  eidw  of  the  boat^.     tf  tlie  current  is  very  strong,  but  thrwj 
D  taken  nt  a  time,  and  tlieeu  on  the  down-river  ride. 

Tlii*  nicthfid  of  pacing  a  stream  being  very  ttidions  and  hnrt- 

1  lu  the  lioTseH,  esjH'eiully  in  the  winter,  tliey  arc  patxied  over  in 

s  iKiali,  when  they  can  be  had.     for  this  pnriioso  a  flooring 

t«f  tliick  plaiikd  is  laid  in  the  liottom  of  the  boat,  to  protect  it 

"roin  th«  fout  of  tho  horsofl. 

Thi7  shonhl  be  placed  head  and  tail  aeroM  the  hoA\^  oaeh 
I  holding  his  horse  by  the  bridle  near  tJie  bit.     It  is  ver^ 
ingeroiM  to  plaee  them  Ivngthway*  in  the  boat. 
A  ramp  of  tliick  planks  is  constructed  at  the  liow  of  the  boat 
B  aMiat  the  horei'*  in  entering. 

The  Artillekt  is  plac»i  in  dUmounlvd,  nnleea  tlie  form 
of  the  boats  admits  of  the  tran»]>ortalion  of  the  gun*  on  their 
rarrisi^M.  Komelimes  it  is  cnrrii.-)!  by  uniting  two  or  more  IhwIs 
by  a  platfonn.  lliis  n'ndiu^  the  disuiuunting  ttf  the  guns  nnnwi's- 
•ory.  and  the  passage  more  rajkiil. 

To  prevent  accidents,  the  river  should  hv  s)nuid«l  9t  tlw|4Me 
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where  it  is  to  be  crossed,  in  order  to  be  certain  that  no  reefs, 
shallow  water,  or  whirlpools  exist,  which  might  endanger  the 
safety  of  the  boats.  If  a  river  is  divided  into  several  channels, 
the  largest  should  be  followed. 

The  heaviest  objects  should  always  be  placed  in  the  bottom  of 
the  boat.  Such  as  would  be  damaged  by  water,  as  arms,  ammu- 
nition and  provisions,  should  be  raised  high  enough  above  the 
bottom  to  keep  them  from  getting  wet,  and  covered  with  canvas 
or  tarpaulins. 

Navigation. — J£  instead  of  simply  crossing  a  river,  the  troops 
are  to  be  transported  some  distance  by  water,  the  number  of  men 
in  each  boat  is  diminished,  so  that  all  may  be  comfortably  seated, 
and  a  small  boat  should  precede  the  rest  to  reconnoitre  the 
stream. 

A  river  with  an  inclination  of  -J—  is  easily  navisrable,  and 

f  0  U  0  •'  o  ' 

may  be  ascended  wdth  saila;  but  sails  alone  will  not  suffice  with 
an  inclination  greater  than  — '— ,  and  towing  becomes  indispen- 
sable. It  is  impossible  to  ascend  rivers  having  an  inclination 
greater  than  j^t. 

For  difficult  passages  over  rapid  streams,  it  is  necessary  to 
employ  pilots  from  the  very  neighborhood,  or  run  great  risk  of 
disaster. 

In  descending  currents,  oars  and  rudders  are  used. 

In  ascending  gentle  curi'cnts,  the  boat-hooks  alone  may  be 
made  use  of,  but  in  more  rapid  ones  the  boats  have  to  be  towed 
by  men  or  liorses. 

When  the  boats  arc  united  in  a  train,  a  mast  is  raised,  the 
height  of  which  depends  upon  the  slope  and  height  of  the  bank. 
It  is  supported  by  guys,  and  lias  fixed  at  the  top  the  loop  of  a 
rope,  to  which  is  fastened  the  rope  by  which  tlie  boat  is  pulled 
along.  The  height  of  the  mast  should  accord  with  the  stiffness 
of  the  boat  or  boats,  in  order  that  the  draft  upon  it  may  not  pnll 
it  over. 

To  cross  streams  filled  with  fioating  ice,  very  strong  boats,  such 
as  may  be  made  out  of  a  single  tree,  are  required  to  resist  the 
pressure  ;  they  may  be  dragged  over  such  portions  as  are  too  sohd 
to  admit  of  canals  being  broken  through  them. 

To  open  a  communication  through  fixed  ice,  strong  barges,  if 
possible  moved  by  screw  propellers,  are  required.     Their  bows 
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ut  l>c  wull  [irotwted  with  iron  plates,  nnd  Uiey  alioiiI<]  bo  pro- 
dvti  vtitti  heavy  beaiiiH  to  be  rai»v<l  hy  ropcn  and  let  full  apuD 
B  ice  in  fruDt ;  aaws  may  al^  Itc  use*l,  having  heavy  weif^littt 
eil  to  Uio  end  under  water,  and  tho  piccee  of  ice,  when 
■tacked,  may  bti  hauled  out  of  the  water  by  ropes,  or  pushed 
r  the  Bolid  ice. 

Small  barricra  of  ice  which  intemipt  the  navigation,  or  cansa 
'  ^nnudatiuns,  may  bo  doetroyed  by  turning  Btreomx  of  wattT  upon 
'  -jftain  ]iointa,  »o  as  to  mult  an  opciuiig,  or  by  means  uf  cbargui 
'■i  powder  in  water-tight  cjislcB  or  bags,  fixed  undoroeath  or  lodgod 
u  tHiled  bored  iii  the  ice,  and  fired  HiinultanconBly.  A  chai^  of 
■>  \h*.  of  jH>wdcr,  placed  in  the  center  of  ico  '2  feet  tUick,  will 
I'lvak  it  up  into  6mall  piocco  throughout  a  circle  of  20  feet  in 
diameter. 

Ice  Mid  sootr,  well  rammed  together,  form  temjiornrj*  par- 
apeta,  capable  of  even  more  re^Utance  against  ehot  than  thoM  of 
earth. 

fi.  Ratts. — In  the  alwcncc  of  hoala,  ra/ls  may  be  used  for 
liaaiing  rivers.  Tliey  i>oa«etu#  the  advantage  of  not  being  annk  by 
tlie  fire  of  tlic  enemy,  but  tht-y  are  very  tedious  to  construct. 

Tliey  are  eolIecUonfl  of  tlie  bodies  of  treett,  ordinarily  of  light 
Wood,  not  stjuarcd,  but  only  roughly  drcofied  and  with  Uio  bran- 
■  biM  cut  off  in  order  to  allow  of  their  being  uounectcd  togelbcr. 
Tticae  rafts,  ordinarily  rectangular  in  shajie,  arc  kept  together  by 
<:r(>««-p(ix-v^  tixed  beneath  by  pins  of  iron  or  wood. 

To  give  it  tlie  same  thiekne««  and  Mtabilily  thronghoitt,  the 
large  and  ^mall  ends  of  the  logs  ore  lai<]  alternately  on  each  side. 
Sometimes  it  is  formed  of  two  or  three  layers  of  lugs  crossing 
each  other  at  right  auglca. 

PkMttA  mode  of  light  limber  have  a  greater  flitating  capacity  as 
they  inereaae  in  »izu.  If,  for  inMtanoc,  the  wood  dmxI  is  only  0,6 
')»;  weight  of  the  water,  each  cubic  yonl  is  eajrable  of  »up|Htrting 
I  7j  lbs.  ICa(ts  which  remain  long  in  tlie  water  lose  tlicir  buoyancy 
l>y  becoming  soaked. 

In  Uie  abteiiro  of  light  wood,  any  tliat  is  at  hand  is  used,  and 
tttemeath  are  fixed  a  number  of  air-tlgbl  ca&ks  or  banrts. 
Bafts  may  be  made  of  empty  casks  placed  under  a  liglit  frame 
il  with  bunlles  or  the  Iwughs  of  truus.    Leather  bags  inflated 
f  Minetiinefl  used  in  Euroiw  in  the  satmj  way ;  and  in  Spain  Sir 
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Howard  Douglass  made  such  bags  of  the  skins  of  the  beeves  killed 
for  the  subsistence  of  the  troops.  He  had  them  cut  in  a  circular 
shape,  5i  feet  in  diameter,  their  edges  joined,  and  firmly  made 
fast  to  a  piece  of  wood,  and  inflated  this  bag  with  a  hand-bd- 
lows.  The  air  was  retained  by  a  small  piece  of  leather,  which 
served  as  a  valve,  and  was  nailed  on  the  end  of  the  tube.  This 
bag  was  capable  of  supporting  a  weight  of  260  or  270  lbs.  It 
remained  very  well  inflated  for  5  hours,  and  at  the  end  of  a  day 
was  still  capable  of  supporting  about  130  lbs. 

The  buoyant  power  of  these  bags,  and  of  casks,  is  determined 
by  estimating  62  lbs.  for  every  cubic  foot  which  they  contain. 

Tlie  dimensions  of  a  raft  can  be  easily  calculated,  knowing  the 
weight  it  is  to  support  and  the  material  at  hand  to  make  it. 

In  loading  a  raft,  great  care  must  be  taken  that  the  troops  go 
on  in  perfect  order ;  for  if  they  go  on  en  masse^  they  will  capsize 
it.  The  infantry,  marching  by  a  flank,  sliould  occupy  the  middle 
of  the  raft  throughout  its  entire  length.  Two  other  parties  are 
then  placed,  one  in  front  the  other  in  rear  of  the  first  command, 
and  so  on  till  the  raft  is  loaded.  The  men  should  be  at  an  order 
armia. 

The  same  precautions  are  observed  with  cavalry.  The  horses 
must  be  placed  across  the  raft,  and  alternately  head  and  tail,  the 
riders  dismounted  and  holding  them  by  the  head,  as  laid  down  for 
the  passage  in  boats.  The  same  arrangement  will  be  observed 
with  regard  to  all  horses. 

With  artillery^  the  heaviest  carriages  are  placed  in  the  middle 
of  the  raft,  and  the  rest  arranged  so  that  the  load  will  be  spread 
uniformlv,  and  the  raft  not  inclined  to  either  side. 

Kaft-navigation  is  advantageous  upon  rivers  whose  beds  are 
unequal  or  rocky ;  but  the  passage  with  rafts  is  slower  than  with 
boats,  the  drift  being  much  greater ;  and  it  is  found  necessary  to 
depart  from  a  higher  point  on  the  river  to  attain  a  given  position. 
It  is  difficult  to  reach  the  exact  point  of  disembarkation. 

Fords  being  very  often  dangerous  in  cold  and  wet  weather, 
attempts  are  usually  made  to  construct  means  of  making  the 
passage. 

A  stream  of  little  width  may  be  passed  by  the  aid  of  one  or 
more  trees,  cut  so  as  to  ftill  across. 

If  a  tree  can  be  found  on  the  bank  large  enough  to  reach  the 
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wife  nde,  it  ia  cnt  di>«-n  and  jilaced  tn  tliu  water,  wiili  die 

]^vc«t  end  retained  on  sliorc.     Tli»  other  bciup  put  in  up  Btruftin, 

I  carnc-d  dowo  hy  tlie  ciinx'nt  aniil  it  etrikiw  tlin  upjiiwitc  liaftk, 

lirlipro  tho  force  of  thu  ciirrvnt  retains  it.    If  tlie  Ktreuin    ifl 

D  widu  fur  tliitf,  A  tree  will  lie  cut  down  rtn  encii  Hide,  anil  thrown 

mU>  Uie  water  witli  their  Utjfs  np  stream,  tlic  feet  ticiiig  secured 

»  the  shore,     ('ords  are  attached  to  the  tops  of  tho  trees,  and  aa 

icy  float  down  with  tha  cnrrent  they  are  din>cted  so  that  tlieir 

inches  will  meet  and   interlace,  forming  a  salient  anple  up 

ream.  They  are  iLcn  tied  tugothcr  tliere,  and  any  branches  which 

met  tlie  [lassn^  cleared  away.     If  It  were  inipueeiMc  to  send 

Iny  one  tu  thu  upposilo  side,  three  trees  would  he  eut  diiwti,  two 

irgo  and  one  small  one.     Tlie  two  Iwgc  ones  are  placed  wtUi 

heir  feet  a^nnt  thu  bank,  and  their  heads  forminjr  an  angle  in 

B  stream.    Tlie  third  ih  now  pas^  out  on  the***  two,  its  foot 

bated  oa  the  otiiers  at  the  angle^  and  itA  head  on  the  oppoaite 

ink.     Uun  are  tlien  sent  along  this  i>asaagc  to  clear  away  tht; 

isnchea. 

Bsmaica. — Such  means  aa  tho  foregoing  do  very  well  fur  pam- 

;  a  rtroam  in  an  emergeney ;  hot  regularly  confitructcd  bridges 

nn  tlio  (inly  pcrfe('tly  sure  method,  and  the  one  generally  uited 

r  eroMing  armien. 

A  military  hridgo  iit  one  which  Is  thmwn  acrosa  a  river  Icjn- 

rily  for  tlie  piirjiotw  of  crossing  troup«.     It  doe»  not  poMwrn 

e  dt-giee  of  »i>Iidity  as  a  permanent  one,  and  great  care  ia 

icoEsary  in  pre«'-rving  and  nwng  it. 

It  coDUsta  Dsually  of  a  platform  of  heavy  planks  supported 
1  Ifoata,  raA^,  or  trestles,  and  is  named  according  to  the  kind  v( 
port  used. 

The  velocity  nf  the  cnrrent,  depth  of  water,  and  the  nnonrMs 
ft  hand,  deteniiine  the  kind  of  support  to  be  UM-d  ;  and  It  some- 
a  liap|iens  that  all  three  kinds  an>  nsed  in  the  same  bridge. 
Tho  coustruction  of  any  kind  of  a  bridg«>  reciuirea  that  both 
inks  of  the  stream  should  bo  in  po«ec6«on  of  the  party  con- 
icting  it. 

Tlio  banks,  whore  too  high,  choald  be  avoided,  aa  they  nmder 
OBpproaehes  to  the  britlge  dillicnlt,  and  require  long  ramps  to 
I  formed  iu  order  to  approach  and  leave  it.  Uun>)iy  banka 
mid  alao  bo  avoided,  aa  they  require  the  conMfuetioD  <^  fasohw 
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causeways  at  the  ends  of  the  bridge.  Tlie  ramps  should  not  be 
inclined  more  than  one  sixth..  The  height  of  the  bank  above  the 
w^ter  should  not  be  greater  than  from  6i  to  8  ft.,  and  should 
have  at  least  a  height  of  3  ft.  if  possible. 

To  facilitate  the  construction  of  the  bridge  advantage  should 
be  taken  of  those  branches  of  the  stream  under  control,  by  float- 
ing tlie  materials  down  them ;  arid  care  should  be  taken  to  place 
it,  if  possible,  above  the  mouths  of  those  held  by  the  enemy,  who 
otherwise  might  destroy  it  by  floating  down  heavy  objects 
against  it. 

The  place  for  the  bridge  should  be  sounded  in  order  to  a8ce^ 
tain  the  form  of  the  bottom  and  the  kind  of  supports  to  be  used. 
If  boats  were  employed  in  places  where  the  water  was  too  shallow 
they  would  probably  be  crushed  and  cause  serious  accidents. 
This  is  avoided  by  placing  trestles  in  the  parts  too  shallow  for 
boats. 

Tlie  bridge,  if  possible,  should  be  made  in  a  straight  line, 
whicli  best  suits  the  form  of  the  timbers.  The  body  of  the  sup- 
ports should  be  in  the  direction  of  the  current,  otherwise  the 
tendency  of  the  latter  would  be  to  turn  them  around  and  break 
up  the  bridge.  The  length  of  the  bridge  should  be  as  near  as 
possible  perpendicular  to  the  direction  of  the  current. 

A  description  of  the  regular  pontoon  or  boat  bridge,  will  not 
be  given,  for  reasons  before  stated ;  but  it  may  not  be  out  of  place 
to  lay  down  some  general  observations  upon  the  manner  of  mak- 
ing bridges  from  common  boats  picked  upon  a  river,  and  the 
other  materials  whicli  an  army  is  able  to  lay  its  hands  upon. 

Ordinary  boats  being  generally  of  various  sizes  and  shapes, 
they  must  be  placed  under  the  bridge  in  such  a  way  as  to  keep 
the  flooring  as  near  as  possible  in  the  same  horizontal  plane.  The 
widest  will  be  placed  nearest  the  ends  of  the  bridge,  and  the 
longest  in  the  channel,  as  they  are  less  acted  on  by  the  current 
K  any  of  the  boats  are  too  small,  several  of  them 
will  be  joined  together,  side  by  side,  by  notched 
cross-pieces,  upon  wliicli  will  be  placed  three 
beanie  lengthways  of  the  boat,  one  about  over 
cacli  gunwale  and  the  third  over  the  axis  of  the  Fif.29T. 

boat.     These  three  beams  receive  the  timbers  of  the  bridge  floor 
ing.     Fig.  297. 
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8boal(l  uij  of  tlic  Loate  ie  too  low,  *  treellc   p 
r  liono  tiiiiiit  be  conHtmcloii  in  them  in  the  dIruC' 
]  of  tlio  KxiB  of  tlio  boat,  on  wliich  tbe  timbers 
ill  rent.     Fig.  298.  n,.  m. 

llic  flooring  titultiirB  in  tboeo  bridges,  iostoad  of  bulng  tied 
litli  ropca  ara  fastened  with  iron  claini>s. 

If  no  anclioni  can  bo  hail  to  hold  ttii;  boftta  in  their  plarea,  the 
llchoring'i^|tU9!  rauy  bo  fastened  to  boxi'A  or  basketit  lilk-d  with 
lotie  or  gravel,  to  miU-stouee,  or  any  other  heavy  body.  Tho 
iejier  the  wat^T  the  mora  distant  shonld  bo  thrae  anchoring 
Dinte,  otherwiso  tlio  great  inclination  of  tlie  ropfie  would  tend  to 
l^ll  the  boats  down  into  tlie  water.    '  .';-.,_    '^^'    'i  •C^-<*<i 

If  the  river  liae  floating  ico  in  it,  the  anchoriug-rope*  Blioold 

I  wiiunil  with  twino  or  wire,  or  replaced  in  part  by  cabloe. 

Should  tlie  flouriog-beatna  uot  be  long  cnougli,  thvy  might  be 

I  altcmaliily  in  each  row  lipon  only  llireo  gnnwaleA,  or  oven 

9  of  each  of  two  contiguous  boftt«,  taking  can:  to  faeten 

rely  to  a  sliortor  beaui  lying  acroaa  both  gunwales  of 

Fig.  209. 

T-ButMiKfl  poRacaa  the  advantage  of  not  rr j 

ing  liable  Vt  be  sunk  by  the  fire  of  thu  enemy ;  M  | 

ht  they  arc  very  wide  and  nuiuire  a  great  jj  "T^ 

LDlity  of  Wood  tit  make  thinti.    They  offer  11 — ~~^ 

a  great  a  rv«i»tance  to  currenla,  which  nindcrs  '^'*  ***' 

Km  Itard  to  manage  in  tlie  water  and  difficult  to  floor  over, 
wriiinco  Uu3  proved  tliat  raft-bridges  cannot  be  enlublislied 
»n  any  but  ilow-mnning  strcama,  with  a  velocity  of  earreut 
t  than  Gi  ti.  per  second. 

IJglit  Wood*,  such  as  pine,  poplar,  willow,  birch,  and  all  thoce 
>  i|>ccilic  gravity  is  1cm  than  that  of  water,  are  tho  only 
•  fit  lo  eonatruct  nJU  with. 

L  italiillty  of  a  raf[-bridgc  depends  upon  that  of  the  nfts 
^it  is  made;  and  those  increase  in  etubility  an  tlit^tr  length 
■  greater.     For  tins  reason  very  long  wood  is  cmploycil  in 
tSr  vonstmrtlon.    When  it  cannot  be  obtained  long  enough,  tlu) 
s  an*  joined  together  at  the  feet  in  couple*.  r  ('"' 

Tho  rafta  prcm-nt  less  resistance  to  the  foree  of  the  corrcnt  as 
f  an  (nerused  in  lungtli ;  and  betiidc*,  tlie  diatanco  between 
nea  greater  aa  they  become  narrower.    If  tliojr  i 
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wide  and  short,  tliey  must  be  close  together ;  and  the  bridge, 
leaving  thus  but  a  small  space  open  to  the  current,  will  experience 
a  very,  great  pressure. 

Upon  rivers  which  are  sluggish,  the  bridge  may  be  made  of  a 
continuous  raft,  the  flooring  being  formed  of  faggots,  fascines, 
and  earth,  mixed  with  straw. 

The  trees  usually  employed  to  make  rafts  are  from  32  to  45 
ft.  long,  and  have  a  mean  diameter  of  1  ft.  The  numUer  required 
is  determined  by  the  specific  gravity  of  the  wood,  the  size  of  the 
trees,  and  the  weight  to  be  supported. 

The  rafts  areT  put  together  in  the  water,  where  the  logs  are 
more  easily  handled  than  on  land. 

Bridges  and  Rafts  of  Casks,  Boxes,  ob  Bags. — ^These  bridges 
can  only  be  used  on  small  streams,  far  from  any  enemy,  in  conse- 
quence of  the  ease  with  which  the  rafts  composing  them  may  be 
sunk,  either  by  accident  or  shot. 

The  casks  or  other  floating  materials  made  use  of,  are  first  gnaged. 
They  are  then  placed  under  a  frame-work  made  from  tlie  timber 
torn  from  the  neighboring  houses,  with  their  ends  together,  and 
bung-holes  up,  so  that  in  case  they  leak  they  may  be  emptied 
with  a  hand-pimip.  Two  rows  of  these  casks  at  least  are  required, 
and  in  case  they  are  small,  more  rows  may  be  necessary. 

Boxes  well  tarred  and  caulked  could  be  easily  decked  over, 
and  miglit  be  used  to  make  rafts.  In  wine-producing  conntries, 
like  France,  Spain,  and  Portugal,  the  goats'  skins  used  to  put  the 
wine  in,  have  been  frequently  used  as  the  buoyant  material. 

Trestle-Bridges. — ^These  bridges  are  established  upon  streams 
whoso  bottoms  are  solid,  depth  of  water  not  greater  than  10  ft, 
and  velocity  of  current  not  over  5  ft.  a  second.  They  have  the 
advantage  of  requiring  but  little  material  for  their  construction, 
and  are  capable  of  being  put  up  in  almost  any  locality  with  the 
timber  from  the  neighboring  houses  or  woods. 

The  trestles  or  horses  are  a  kind  of  tall  frame,  made  of  light 
wood  in  order  to  be  more  easily  placed  in  position.  They  are 
placed  four  or  five  yards  apart,  and  upon  them  the  flooring  tim- 
bers rest.  They  should  not  be  too  far  apart,  which  would  make 
them  liable  to  be  overset  by  the  current. 

Tlie  Ilorae^  Fig.  300,  is  composed  of  a  top-piece.  A,  abont  15  ft. 
long  and  8  in.  square,  designed  to  receive  the  bridge  timbers,  and 
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two  dmililo  feet,  B,  6  in.  sqaare*,  aiid  of  any  reqniirj  height,  to 
•u]iport  tho  top  ])iccc.  Tlio  fcot  arc  coiu])o»e(],  t-acli  of  two 
iiidinfMl  jiiecc«,  M  iiml  M,  tww  eroBepiifes,  T  auj  T,  ruid  two 
braces,  L  and  L.  Tlie  di»Iatia'  iK-twocii  tho  foet  of  the  uprights 
bIiuiiM  nut  uxccod  ono  linlf  the  height  of  the  horei'.  If  thuy  were 
Uut  far  enough  a]>art  tlie  horeo  wouhl  not  statid  timily,  and  wonld 
liu  KtUA\y  Kvorttimwl.  If  thc_v  were  tuo  far  apart,  thcrw  would 
not  bt!  ftuHicicnt  ataliilttv,  and  tlm  honaa  might  ho  crushod  under 
B  load  [ilaced  upcn  tlic  bridgo.  Tlio  height  of  tlie  liorsca  will 
nd  upon  thuir  potiitiuns.  Thin  rcr|nircs  the  stn-am  to  ho  pre- 
rtiily  kouodvd  at  evury  |H»inI  where  a  liorso  is  to  be  placed, 
Jhu  fuet  Bbould  hear  ijqually  and  solidtv  npun  the  bnltoni ;  and  It 
!omoa  necessary  Bonietiine«  to  cut  them  Xt>  fit  a  rocky  Uittom, 
t  nail  thirk  plank  on  the  tHtltoni  of  the  feet  to  keep  them  from 
inning  into  the  mud,  if  tlie  bottom  ir  formed  of  tlint. 

If  ihu  tiiitln-r  i«  iHptarc,  auch  aa  may  be  obtained  fnim  hoaees 

i  fenees  two  ^kmI  earjiuntent  can  make  one  of  the**  horK-a  in  six 

nira,  and  by  dividing  tlie  labor  and  tracing  the  adjiutnienla  by 

latlvm,  in  mui^h  U-m  time. 

If  tho  itrrnm  U  a  shallow  one,  tho  men  enter  tho  water  to 

D  the  httn«'«  in  position.     If  deep,  eai:h  hurM!  b  placetl  npon 

D  ttnall  bciimf,  r.M:ing  ou  a  roller  placed  in  tho  rear,  and  nin 

'ard  Ut  \U  pofcitiiin  by  acltng  on  the  beams.     ThU  method 

iqaire*  thu  employment  of  a  gixid  deal  of  fori'e ;  and  an  oaaier 

|r  ia,  to  reiit  on  the  tirot  hone  ei^tabli«bc4l,  tMo  beanin,  the  other 

a  iif  which  rtwt  on  the  bottom  near  where  the  MH-'ond  lior«e  is 

to  stand.    Tliu  horw  glides  down  the«e  beams  till  it  gains  ita  poH- 

tion,  when  it  is  jilacud  upright  by  pulling  on  it  with  rojtus,  and 

ailing  against  the  top  piece^  or  cap,  with  boat-hooks  or  |Hdeii ; 

;h  the  nvt  of  the  hurHM.     Shouhi  any  portion  of  '  < 


488  THE    PASSAGE    OF    RIVERS. 

current  be  very  rapid,  two  skiffs  or  boats  of  any  kind  joined 
together  by  beams,  and  anchored  stem  and  stem,  will  be  used  for 
supports  instead  of  horses. 

Another  method  of  placing  tliese  horses  is  to  make  use*  of  a 
small  raft,  21  ft.  long  by  6  ft.  wide,  carrying  two  forks,  each  of 
which  consists  of  two  vertical  uprights,  between  which  fits  a  beam, 
supported  at  one  end  on  the  cap  of  the  last  horse  placed,  and  at 
the  other  on  a  pin  which  passes  through  holes  bored  in  the  up- 
rights of  the  fork.  The  two  beams  form  an  inclined  plane  of  any 
inclination,  down  which  the  horses  are  successively  slid. 

The  string  pieces  lap  each  other  over  the  caps  of  the  horses, 
and  are  fastened  to  them  by  cords  or  clamps. 

The  United  States'  Pontoon  Bridge. — During  the  Mexican 
war,  a  bridge-equipage  was  prepared  and  sent  out  to  that  countiy, 
for  use  with  our  armies.  The  supports  used  were  cylindrical  pon- 
toons of  IndiorTuhher^  which  were  inflated  by  means  of  bellows. 
Unfortunately,  no  opportunity  occurred  of  testing  this  bridge  to 
any  extent  in  actual  warfare :  as  the  only  stream  where  it  could 
have  been  used  on  Genl.  Taylor's  line  was  crossed  about  the  time 
of  the  passage  of  the  law  authorizing  the  equipment  of  a  bridge- 
train  ;  and  the  one  afterwards  sent  to  Genl.  Scott's  line  was  never 
found  nccessarv,  as  no  streams  exist  on  that  line  of  sufiicient 
depth  of  water  to  require  bridging,  except  at  times,  when  little 
different  from  mountain  torrents.  It  might,  however,  have  been 
required  by  the  army  in  its  operations ;  and  the  great '  want  of 
some  such  means  to  cross  the  Rio  Grande  at  Matamoras,  is  suffi- 
cient argument  in  favor  of  the  necessity  of  some  organization  of 
the  kind  in  every  properly  constituted  army. 

Experiments  have  also  been  made  by  our  engineer  oflftcers  on 
the  Birago  trestle-bridge,  of  which  the  supports  are,  for  a  depth 
of  water  less  than  12',  a  peculiar  kind  of  adjustable  horse.  For 
water  deeper  than  this,  pontoons  made  in  several  pieces  joined 
together,  or  any  large  flat-bottomed  boats,  may  be  used. 

Tlie  horse  is  formed  of  a  movable  cap  sustained  at  each  end 
by  a  single  foot.  Tlic  cap  is  of  spnice  or  pine,  17'  long,  8f "  deep, 
6i"  wide  in  the  middle,  and  8i"  wide  at  the  ends  for  a  distance  d 
3'.  A  mortise  3i"  wide  by  lOJ "  long  is  cut  in  each  head  of  the 
cap  for  the  passage  of  the  foot,  the  bottom  of  the  mortise  beinj 
inclined  22°. 


BIRACO    DRtDGF. 


The  feet,  »Ifio  of  epnice,  mr«  of  four  (UffL-rcut  nioduls,  of  tlie 


jbUowiog  dimen^otu:- 
Ko.1,.. 


,.8'8Vl<«ig,lpy4.8:'x3i". 


"    ♦, 21/9"     "       "  4.8" K8f'. 

Nos.  t  and  3  are  placed  noglc  in  the  mortiece ;  the  rcmaiiimg 

,  <pac«  Ixnng  fHlcd  up  bv  a  faliM:  fuot  witli  two  nolvhce  ,3'  10 '  lou^, 

■■$A"  «-id«,  a  thickti<.-»»  of  3}"  at  tlie  end,  and  41"  at  the  middle, 

n  the  two  notchrs. 

Koe.  <l  and  4  ore  often  placed  by  paini  in  tho  mortieea,  and 

IfreeAcd  finnly  together  with  wodgee  of  hard  wood. 

Tu  steady  tho  feet  and  prevent  thoni  from  being  foreed  intu 

c  gr>.itiiid,  tficy  are  annt^  at  the  bottom  with  wooden  ehoefi  ;  of 

witieh  tliore  ore  two  imxlflit  necording  tu  tlic  nature  of  Ilie  ground, 

lt)>e  larger  t)eing  for  verj'  Hoft  1>ottoine,  and  the  etiialler  for  hard 

nttomii  and  slopcu.    'Iliey  Iiave  two  holes  for  tlie  potnt«  of  ihu 

t  to  poBs  throngh,  and  arc  provided  with  iron  pins,  fastened  by 

thains,  for  coenring  the  »hoc«  to  the  feet. 

The  eap  ia  mpportvd  in  position  by  means  of  two  Iron  EOfi- 
wncion  chains,  witli  a  ring  at  one  end,  witli  which  the  feet  are 
lappcil.  Below,  the  chainit  pass  through  en^penfion  rings  fixed 
fcy  eye-bolt»  to  the  cafwt,  and  are  secured  there  by  iron  keys 
"bed  to  chain*  altorhed  to  the  cape. 

The  horsca  thu»  fonned  arc  retained  in  an  upriglit  position  by 
tlie  bridge-beanie,  which  have,  fastened  nt  cacli  end,  a  bracket  of 
oak  nittrbed  in  tlie  middle,  fonidng  catches  to  fit  on  top  of  tho 
caps,  TbcM  notches  are  placed  Sl'.O"  apart  from  center  to 
vuiitcr. 

He  Austrians  have  tbetv;  beam*  mode  of  sneh  a  length,  and 
the  dutancc  between  the  nulchea  ftucb,  that  they  will  fit  on  the 
gnuwalcfl  of  tho  i>ontoon8.  They  iirc  particularly  useful  in  fitting 
Dp  the  jK>ntt>ons  u>  form  a  raft,  and  in  consolidating  the  abntmont 
of  a  bridRc  by  forming  it  oftwo  mooring  beams  connected  togelliw 
by  *maU  beams. 

Tlio  Soor  of  t]ii»  bridge  u  composed  of  planks  ItrO*'  long  by 
lli"«14''.  with  a  notch  at  each  end  f  dcvp  and  isi-'  i,.Tiir,  t.. 
are  the  bolka  at  the  side  of  the  bridge.    Half]  ' 
Vfrom  tho  others  otdy  in  the  widtli,  wblch  U  Gf,  nr 
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plete  the  flooring  in  places  where  a  plank  would  be  too  wide. 
They  are  also  laid  endwise  and  lashed  against  the  ends  of  the 
planks,  whcQ  these  are  placed  perpendicular  to  the  bridging- 
beams,  to  prevent  them  from  sliding  to  one  side. 
In  a  stream  with  little  current — 

The  horse  No.  1  can  be  used  in  a  depth  of  3'. 

2  "  5.'. 

3  "  9'. 

4  "  12i'. 

But  when  the  current  is  more  rapid  than  8^'  per  second,  the  horse 
No.  3  should  be  used  for  a  depth  not  greater  than  8^,  and  No.  4 
for  a  depth  of  only  11^'. 

The  pontoons  can  be  used  wherever  the  horses  can.  The  high- 
est point  of  the  scaffold  of  a  pontoon,  under  an  unloaded  bridge, 
is  37i"  above  the  surface  of  the  water  ;  and  under  a  bridge  sup- 
porting the  heaviest  load  (a  column  of  infantry),  it  is  l&J". 

The  pontoons  are  kept  in  place,  according  to  their  position,  the 
force  of  the  current,  and  that  of  the  wind,  by  lines  fastened  on 
shore ;  anchors  up  or  down  stream  ;  by  cross  lines ;  or  by  cables 
stretched  across  the  river,  usually  above,  sometimes  below  the 
bridge. 

This  bridge  can  be  employed  with  a  depth  of  water  of  nearly 
13  feet,  and  therefore  suffices  for  crossing  the  greater  part  of  rivers 
of  mean  width,  and  may  be  used  also  advantageously  in  forming 
a  considerable  portion  of  military  bridges  across  the  widest  and 
most  rapid  rivers. 

It  may  be  so  laid  as  to  form  several  passage-ways  in  the  same 
bridge,  by  joining  a  larger  number  of  the  parts  of  pontoons 
together,  and  placing  several  rows  of  the  horses.  The  Russians 
use  in  their  bridge  equipages  a  very  light  kind  of  pontoon,  formed 
of  a  frame- work  covered  with  canvas.  Tlie  frame  is  composed  of 
two  side-frames,  constructed  of  4''  s^^nntling,  of  the  size  and  shape 
represented  in  Fig.  301. 
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B  Tbcao  two  framee  are  conncctcHl  bolnw  hy  tDOvabIc  tmnBoms, 
Bwith  tGDons  at  each  end  wbk-h  fit  into  mortisw  in  tbo  bottom 
■  ■ills,  and  aburo  b;  twu  traneome,  onv  at  vucli  uud,  wliic-b  arc  laid 
l-tm  tbo  ttip  8tring-pii.-ccB,  about  S'  from  tliv  utidn,  anil  lashed  to 
BtliL'tn.  T1i<!  canvas  covt-r  is  sta-tcbod  ovc-r  tbo  bottom,  Bidtv, 
l,*nd  oiidi>  brougbt  owr  ibc  eiiila,  and  lasbeci  V}  ili«  top  trnnaonia. 
I  It  in  «u(.'ured  along  tlie  aides  of  tbo  top  string-pieces  hy  smail  naila 
Ipaiuiing  tlirougb  eyelet  holts  along  the  edges  of  the  clotb.  It  is 
llO*  8'  wide,  80'  long  in  tbo  uiddlc,  23'  long  along  the  edges,  and 
i  is  painted  black  on  both  tHiivB. 

I  A  plank  bi  laid  along  tbc  bottom  for  the  pontonecrs  to  stand 
P  OD.  Tlie  cattlui  are  attached  to  ttie  top  tran»oms.  Tlioni  are  fonr 
I  balka  for  catOi  boat,  em-Ji  one  being  2.V  V  long,  2"  devp,  and  4" 
I  vide;  the  Ride  rails  areSl' bmg,  and  of  3"  seantling;  fourcbcmai 
I  are  18'  2'  long,  1".5  thick,  and  1S",6  wide,  the  rest  being  of  the 
aanio  length  and  thicknuts,  b|it  only  9".3  wide.  Tlio  baike  of  the 
I  Bdjaocnl  bai»  arc  eonnetted  by  iron  bolts  and  keys.  Tlii^re  are 
I  q)ecial  sapports  for  the  band-ropcjk  The  Birago  trestle  and  abut- 
i  menta  aru  used  with  tbe»e  pontoons.  Wagons  with  fiat  open 
I  bottoms,  and  a  stanchion  3'  high  at  eavb  angle,  aro  u«ed  fortrans- 
I  purtalioQ.  In  loading,  tlie  fotir  broad  cbe«scs  are  laid  on  odgo 
I  against  the  utiuiehioue,  two  on  each  Kide,  thus  fonning  tlicsidea  of 
I  tlie  wapm.  The  narrow  ehc«se)t  are  laid  on  the  bottom,  then  the 
,  balks,  •idtt-raiU,  {tonloou-frameA,  oars,  tVc. ;  the  am-bor  and  cable 
on  top  of  alL  The  canvas  cover,  rolk>d  on  a  boat-hook,  is  hung 
I  lo  tlio  stancliions  on  tlie  right  tiido  of  tlio  wagon. 

To  |>aM  a  siegv-train  over  this  bridge,  the  boal«  are  ptaood  8' 
•part,  from  cenlc-r  to  center,  and  six  balks  are  ascd  instead  of  four. 
In  otlier  ouea,  tlie  distance  between  the  centers  of  tlie  supports 
rarics  from  1 1'  S"  to  16'  Ti",  aceonling  to  the  method  of  constmc- 
timi,  and  the  load  to  \x  crossed  over. 

Tho  canraa  pontoon,  with  its  cover,  complete,  wdgltB  720  lbs. 
FUiatation  of  each  ponton,  13,4SH  lit*. 
Weight  of  flooring,  t&c,  of  one  bay,  1 ,4T6  lbs. 
Other  mat4;rials  [mcked  ttn  varh  wagon,  var7  from  144  to 
878  lbs. 

ToUl  load  of  each  wagon,  from  S.340  to  2,574  Iba. 

Wcigitt  of  empty  wagon.  1,S(KI  llts. 

Tmt  PRnoiTAnox  or  Bbidow.— In  order  to  protect  a  bridge 
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against  floating  bodies  launched  by  the  enemy,  or  drifted  down 
by  the  water,  the  following  means  are  adopted : — 

1.  A  guard  of  observation  is  established  about  1,000  yards 
above  the  bridge,  provided  with  boats,  long  cables,  grappling- 
hooks,  cramp-irons  and  hammers  to  drive  them.  The  boats  sta- 
tioned at  different  distances,  approach  the  floating  bodies,  attach 
the  cables  to  them,  carry  the  other  end  ashore,  and  by  hauling  on 
it,  or  fixing  it  ashore,  they  are  run  agroimd.  If  the  current  is 
very  strong,  and  the  stream  very  wide,  the  cable  is  fastened  to  a 
fixed  anchor,  and  the  floating  body  is  thrown  against  the  shore. 

Sometimes  boatmen  might  board  the  floating  bodies,  and  take 
them  ashore  or  aground.  Ropes  should  be  provided,  terminated 
by  a  piece  of  chain  and  grappling-hooks,  with  which  to  grapple 
fire-ships. 

Should  any  of  these  floating  bodies  escape,  tliey  should  be 
directed,  if  possible,  towards  the  d!rati7  in  the  bridge,  which  is 
constructed  for  security ;  and  signals  will  be  made  to  the  sentinels 
at  the  bridge,  to  have  it  opened  for  the  passage  of  the  body. 

2.  Above  the  bridge  a  floating  boom  is  placed,  designed  to 
stop  the  bodies  carried  down  by  the  current.  It  is  formed  of 
large  trunks  of  trees,  of  wood  light  enough  to  float  it,  joined  by 
pieces  of  chain.  It  is  placed  obliquely  across  the  stream  so  as  to 
make  an  angle  of  22°  with  the  current,  which  gives  little  hold  to 
floating  bodies  directed  against  the  bridge,  and  throws  them 
against  the  bank.  It  may,  however,  be  carried  away  by  large 
heavy  bodies  striking  against  it,  and  for  this  reason  should  be 
placed  far  enough  above  the  bridge  to  prevent  accidents  in  case 
of  such  an  event. 

3.  The  bridge  may  be  composed  entirely  of  draws,  which  may 
be  rapidly  removed  out  of  the  way  of  floating  bodies. 

4th.  The  bridge  is  protected  from  being  carried  away  by  sud- 
den freshets,  by  making  the  ends,  or  shore-bays  movable,  so  that 
they  will  rise  and  fall  with  the  water. 

Of  th^  passage  on  hrUhjes, — Military  bridges  being  exposed  to 
numerous  accidents,  it  is  necessary  to  multiply  the  number  of 
them  as  much  as  possible.  With  only  one,  the  least  accident 
might  lead  to  the  ruin  of  an  entire  army.  It  is,  therefore,  usual 
to  construct  two  or  three  from  200  to  300  yards  apart.  The 
instability  of  the  floor  requires  the  greatest  care  to  prevent  acci- 
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nU  rcsDlting  from  an  overload  or  too  violent  n  roc-kiiig.    Tbc 
DCAutiontf  usi-d,  nru : 
To  )ti>ftt  ft  Hcntiiiol  nt  each  end  of  tite  bridge,  and  others  along 
witliin  eiglit  and  liatl  of  each  other,  to  cause  the  tnstnictiona 
rpveo  to  be  obeyed. 

Infaotry  is  marcliod  by  tlio  tlaak,  without  music  or  notso  of 
any  kind,  at  tbo  routo-Btop,  as  thtj  cadcneu  step  causes  roclung, 
injurions  to  the  bridp.',  and  which  uiny  be  even  }^cnt  eiiouf^Ii  to 
knock  over  Iho  men  who  are  on  it.  In  case  this  rocking  motion 
oommunrN,  tlio  column  should  be  at  once  halted  and  not  allowed 
to  proceed  until  the  cciwation  of  the  tnotion. 

In  pa&sing  artillery,  all  but  the  rear  driver  should  dismount 
and  lead  the  horsM.  A  distance  of  twenty  yards  should  bo  kept 
between  the  carriages,  which  should  travel  as  near  as  possiblo  in 
tlio  middle  of  the  fiooriiijf.  If  tlio  flooring  is  wet,  great  caro 
should  Im:  token  to  ]>n.M'ciit  tbu  hfirsus  from  slipping,  battens  being 
nailed  Acrotw  thu  tl<Htr  if  nutreMary.  In  some  chsus,  it  might  hii 
■dviaablc  ^)  pas«  the  horses  and  carriages  over  eeparalely. 

Witli  cavalry,  thu  men  should  dismount,  each  rider  hold  his 
Uone  by  the  bridle  and  prevent  him  from  trotting.  If  the  mcu 
do  not  diainouni,  tlic  hor»es  might  bocomo  fnghtcnod,  and  jump 
off  the  tiridge,  or  slop  on  it  and  cause  disorder.  If  the  hor«c» 
minrc  faster  than  a  walk,  they  are  liable  to  have  their  leg*  broken 
by  getting  them  between  the  flooring  planks. 

Oare  aboold  hio  taken  not  to  overload  a  bridge,  and  not  to 
allow 'fresh  troops  to  go  on  it  until  those  already  on  have  fluislicd 
the  |>aMage.  Such  an  interval  should  bo  left  between  the  difler^ 
ent  bodies  of  (roojts,  that  they  will  not  huve  to  wiut  after  leaving 
the  bridge. 

Should  the  flooring  ernrk  under  the  weight  of  the  carriages, 
they  shonld  not  stop,  but  press  on  at  a  quick  gait,  as  the  elasticity 
i>f  the  wiKid  might  then  prevent  the  mjitoru  taking  plaec. 

If  it  l>ecomes  uccc«6ary  to  stop  a  carriage  on  the  bridge,  tho 
team  shonld  be  at  onee  unhitchud,  the  load  taken  out  oa  quickly 
a«  poMihIe,  deposited  inthc  nearest  boats,  and  the  carriage  Uirowo 
bverboartl. 

A  column  of  infantry  aud  one  of  cavalry,  or  onu  of  artillciT 
and  wngonsi,  should  not  be  allowed  to  occupy  any  land  <*f  a 
bridge  at  1  lie  same  time,  but  each  separate  column  Iw  made  to 
poai  by  itself. 
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The  troops  should  always  stop  at  the  command  Jialt^  from  the 
sentinel,  and  resume  the  march  only  after  receiving  orders  to 
do  so. 

With  several  bridges,  some  will  be  used  for  infantry  and 
others  for  cavalry  and  carriages.  If  tliere  is  a  ford,  it  will  be 
used  in  preference  for  the  cavalry. 

K  there  are  herds  of  cattle  with  tlie  army,  no  more  than  six 
or  eight  head  should  be  passed  over  at  a  time,  as  they  instinc- 
tively flock  together  when  frightened,  and  a  greater  number 
might  prove  disastrous.  Cattle  will  swim  across  a  stream  very 
well ;  and  this  is  a  good  way  to  get  them  over  if  they  are  in 
charge  of  intelligent  men.  After  several  have  taken  to  the  water 
and  swam  across,  the  rest  follow  without  any  difficulty. 

No  fire  should  be  allowed  to  pass  over  the  bridge ;  and,  to 
guard  against  every  chance  of  a  conflagration  or  explosion,  even 
lighted  pipes  and  segars  are  not  allowed. 

The  sentinels  notice  attentively  the  signals  which  may  be 
made  to  them  from  up  the  river,  communicate  them  at  once  to 
their  commander,  and  in  general  give  warning  of  every  danger, 
halt  the  troops,  or  hasten  them  over,  according  to  circumstances. 

The  greatest  load  which  can  pass  a  bridge,  is  a  column  of  men 
without  arms,  marching  in  compact  order.  With  the  heaviest 
field  batteries,  all  but  two  teams  to  each  carriage,  should  be  un- 
hitched. 

For  keeping  a  bridge  in  repair  a  certain  number  of  pontoneers 
are  charged  with  opening  the  draws;  tightening  the  ropes; 
bailing  out  the  boats,  and  repairing  them  ;  closing  the  joints  of 
the  floor-planks ;  raising  from  time  to  time  tlie  anchors,  to  prevent 
them  from  burying  themselves  too  deeply,  which  would  prevent 
them  being  taken  up  easily  when  the  bridge  was  broken  up ;  and 
in  general  with  repairing  any  damages  which  may  show  them- 
selves. 

If  the  bridge  is  thrown  across  a  stream  liable  to  be  frozen,  it 
should  be  taken  up  in  time  to  prevent  its  being  caught  in  the  ice, 
and  carried  away  by  it  when  breaking  up.  If  it  is  necessary  for 
the  bridge  to  remain,  the  ice  should  be  broken  every  day  around 
the  supports. 

A  bridge  may  be  taken  up  either,  commencing  at  the  bank 
abandoned,  by  removing  in  succession  the  floor  and  supports  and 
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iliing  tlicm  asliore,  or  Ly  M;ttii)g  luoeo  tlint  cud,  and  ewingiiig 
^c  l>ridgG  around  againiit  the  opiK«ite  fthorc,  and  tlivn  tiding  it 
•art. 
Flyixo-Bruhies. — A  dying-bridge  is  one  which  consists  of 
boat,  draw    (A),  or  raft   Fig.    302,  bold  hy  a  ropo,  wluch 
iiitH  it    frum    dvBccnding 
jbe  Mroam.       Tlio    bridgi;,   uf 
liatcver  make,  it  (;ro««od  from 
IDC  Uaiik  to  the  other,  l>y  pre- 

siting  it«  sidi-  ohli(]iiuly  to  the  * ^~ 

tetiuu  uf  tl>e  current  hy  tliv  ueo 
of  ■  rudder.     Il^vw  bridgw  "■■** 

have  tlie  advantage  uf  being  eajsily  c«tahlii&hed,  and  requiring  bnt 
Jjttlo  material  for  their  construction  ;  but  they  do  not  furuuh  a 
ntuiDOQB  comiuuuication,  and  can  be  oaod  only  with  a  aiooll 
idy  of  troops.    :••'''    t".  ■'     '     •  - '    ■-- -    ' '     ♦    L    ii-     *- 
^  The  bridge  in  made  UEiiaJIy  of  two  (Fig.  303),  three,  and  eotno- 

a  *i\  boatts  euunectod  togi-lhcr,  and  vcrj"  enlidly  floored  orcr,  ■ 
B  beauu  being  fa«tened  to  the  gu»- 
t  the  boats  witli  iron  holt«  or 
[  the  flooring  plankii  nailed 
a  tliem.  Tlie  flour  ia  some- 
Sa 'aarruundcd  with  a  guard-rail,  I 
Tim  miwt  Huitubit)  boats  arc  long,  nar- 
row and  dwp,  with  thoir  Men  nearly  "*  "* 
vertical,  in  order  to  otter  greater  n-Mstance  to  tlie  action  of  the 
earrcnl.  At  the  end  uf  the  ro|tc  is  fixed  au  andior  X,  which  u 
moor»l  in  the  ehannci,  if  thiii  in  in  the  middle  of  tlie  Btreatn.  If 
tlio  ciiaunel  a  not  in  the  middle,  the  aneliy  is  placed  a  little  on 
•>ne  lidtf  of  it  toward  the  mont  distant  ^hore.,  By  means  of  the 
rudder  the  bridge  la  turned  in  &n<;h  a  direction  that  it  u  struck 
obliquely  by  the  current,  and  the  force  resulting  fn.<tn  the  deeoni* 
jMmttiiM)  u(  the  action  of  the  cum:-ut  m»ki«  it  describe  an  arc  of  a 
ciirle  around  the  anchor  lu  a  (.'vnter,  and  thift  force  acquirea  ita 
•xitimni  effect  when  the  aide*  of  the  l>oata  make  an  anglo  of 
■out  55'  witli  the  direction  of  the  current. 

Knp{H«c  M  N  (Fig. 30*2)  to  rcpreseut  the  aide  of  the  boat,  and 
„  B  the  rctultaut  of  Uiu  forcea  of  tlio  current  agaiiut  it. 
B  force  A  B  will  bo  dccompoeed  into  two  forcea ;  the  ouc  A  O, 
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will  act  in  the  direction  M  N  as  friction,  and  may  be  negleeted^ 
and  the  other  A  D  will  act  perpendicularly  to  the  side  of  the 
boat. 

Were  the  boat  free  to  move,  and  headed  in  the  same  direction, 
it  would  descend  the  river,  at  the  same  time  crossing  it.  A  D  is 
then  decomposed  into  two  other  forces,  the  one  A  E  in  the  direc- 
tion of  the  current,  causing  the  boat  to  drift,  the  other  A  F, 
perpendicular  to  this,  which  pushes  the  boat  across. 

If  the  boat  is  now  attache^to  a  fixed  point  by  the  rope  A  X, 
the  force  A  E  will  be  neutralized,  and  all  the  effort  of  the  current 
will  be  reduced  to  the  force  A  F,  which  makes  the  boat  revolve 
around  the  point  X. 

We  see  that  should  the  velocity  of  the  current  be  very  small, 
the  force  A  F  will  not  be  sufficient  to  move  the  bridge,  and 
recourse  must  be  had  to  boats  drawn  across  by  men  or  horses  on 
the  opposite  banks,  or  by  the  men  in  the  boats  acting  on  ropes 
stretched  across  the  river.  Flying-bridges  are,  then,  generally 
employed  only  on  rapid  streams. 

Tlie  length  of  rope  used  should  be  once  and  a  half  or  twice 
the  width  of  the  river.  With  a  sliorter  rope  the  arc  described  by 
the  bridge  is  too  great,  and  it  performs  the  ascending  branch  with 
difficulty  ;  with  a  longer  one,  the  rope  becomes  too  heavy,  sinks 
in  the  water,  and  fetters  the  movement.  Generally,  the  arc 
described  by  the  bridge  should  not  be  more  than  90°. 

To  prevent  the  rope  from  dragging  over  the  deck,  which  would 
interfere  with  the  load,  it  is  held  up  by  an  arrangement  such  as  is 
indicated  in  Fig.  303,  and  buoyed  out  of  the  water  nearly  to  the 
anchor  by  skiffs,  empty  casks,  or  other  floating  bodies. 

When  the  stream  to  be  crossed  is  not  very  wide,  a  flying- 
bridge  may  be  made  with  two  ropes,  one  fastened  on  each  shore, 
the  ropes  being  used  alternately.  If  the  stream,  on  tlie  contrary, 
is  very  wide,  several  boats  are  fastened  together,  floored  over,  and 
anchored  in  the  middle,  and  communication  kept  up  with  each 
shore  by  a  flying-bridge,  like  the  one  already  described. 

In  about  one  hour  36  men  can  construct  a  flying-bridge  com- 
posed of  6  bridge-boats,  and  capable  of  carrying  250  infantry,  or 
2  pieces  of  artillery  and  12  horses. 

At  least  one  spare  anchor  should  always  be  carried  on  the 
bridge,  to  anchor  it  in  case  the  rope  should  break  or  become 


inREOtJUR    BBIDOES. 


m 


wlied ;  and  owe,  a  small  boat,  and  a  long  rope,  shouM  also  be 
roTided. 

A  flying-bridge  may,  in  cnM  of  emergency,  be  made  of  toy 

tnd  uf  boats  witli  tlie  iiicanit  of  Rxing  ruddi-rs  to  tbein.    For 

M  of  an  anchor,  a  largo  Ktone,  mill-stono,  or  a  bag  or  box  of 

1  may  be  made  une  of. 

A  flying-bridge  may  be  made  of  a  raft,  tlio  best  form  being 

«cngc-Bhap«i,  with  tlie  front  angle  abont  55".    It  is  attached  ^ 

to  a  roj>o  stretched  across  the  stream  by  three  others  witli  pnlleya, 

which  slide  along  the  first  rope,  this  being  tightly  etrctcJiiil  across 

]  not  allowed  to  hang  in  tlie  water.  .  •-'^     ''•    "  "^ ; 

Biittn»ite«  con^tnicted  on  boat«  or  trctitlcfi,  according  to  the 

ans  at  hand,*are  formed  on  both  sides  of  the  river,  at  the  points 

e  the  flying -bridge  lands. 
laREnn-AR  ItainriKs  are  those  established  with  the  means  fonnd 
I  any  locality;  and  the  bridges  vary  accordingly.     The  timber 
'   I  ia  to  acn'e  as  the  beaming  for  tlie  floor  will  determine  tbo 
mco  between  the  snpports,  whicli  arc  thcriHolvcs  more  or  lew 
For  the  want  of  boat«  of  sufllcicut  *izi),  two  or  four 
l»ll  ones  may  be  connected  together  to  form  a  Rup])ort  suffi- 
m(ly  staple. 

Within  reach  of  woods,  and  over  small  alreams,  bridges  of 

gahiona  may  be  made.    Hie  dimensions  of  tlie  gabions  should 

vary  witli  the  degree  of  strength  which  the  bridge  should  posacaa. 

tlioM  of  from  51  to  5»  in,  in  diameter,  form  a  bridge  capable  of 

lorting  the  heaviest  loads.     The  ordinary  gabion  of  30  in.  in 

■meter  forms  a  bridge  strong  enough  to  bear  infatitr}*. 

These  are  stood  on  end,  and  fillc<l  with  gravel  or  stone,  and 

til,  mixed  and  well  mmme<],  and  capped  by  a  piece  of  timber, 

I  which  the  flooring  beams  rest.     Tlie  height  of  the  gabiona  will 

I  dctcmiined    by   the    height   of   the   river    banks,  depth  of 

Iter,  Ac. 

The  same  kind  of  a  atmctnre  is  used  in  passing  over  marahj 
t,  overflowed  ground,  as,  for  instance,  in  the  ajiproachoa  to  a 

I  Field-carriages,  military  or  eontmon  wagons,  may  all  be  tnade 
•  iif  in  making  bridges  for  small  streams,  with  slow  cnrrcot ; 
1  in  the  absence  of  these,  earls  can  be  need. 
^  A  bridge  of  carU  U  formed  by  eetablisliing  two  rowa  of  them 
3S 
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in  pairs,  each  pair  crossing  their  tongues  in  the  air.  The  tongnes 
are  firmly  bound  together,  and  two  opposite  pairs  form  the  sup- 
ports for  the  ends  of  beams  on  which  the  flooring-beams  rest  To 
increase  the  solidity  of  the  structure,  the  axle-trees  may  be  lashed 
together  with  ropes,  or  connected  with  beams.  Boards  are  placed 
imder  the  wheels  to  keep  them  from  sinking  too  deep  into  the 
ground,  and  to  chock  them. 

More  solid  bridges  are  made  with  four-wheeled  vehicles 
placed  parallel  to  the  current,  and  connected  by  beams  which 
support  the  cross-pieces  on  which  the  flooring  timbers  rest. 

If  timbers  of  sufficient 
length  can  be  obtained, 
they  are  thrown  across  the 
stream  from  bank  to  bank, 
and  covered  with  a  floor- 
ing of  plank  ;  but  if  the 
timber  is  too  short,  frames, 
more  or  less  complicated,  ng.804. 

must  be  constructed,  which  require  skillful  and  intelligent  work- 
men. For  the  want  of  square  timber,  common  logs  with  the 
bark  on  may  be  used.  Several  ways  of  making  such  bridges  are 
represented  in  Fig.  304. 

Suspension  Bridges  are  sometimes  formed  over  ravines,  tor- 
rents, or  narrow  streams  with  steep,  high  banks,  by  suspending  a 
flooring  to  ropes  stretched  across,  and  firmly  supported  at  the 
ends.  The  structure  is  kept  steady  by  stretching  guys  from 
the  flooring  to  difl'erent  points  on  the  banks ;  and  such  a  bridge 
can  be  made  strong  enough  to  bear  field  artillery. 

Destroying  Bridges. — A  bridge  which  has  to  be  abandoned, 
is  destroyed  either  by  burning  it,  blowing  it  up,  or  sinking  it. 

To  hum  a  bridge,  combustible  materials,  such  as  straw,  dry 
fagots,  tarred  fascines,  &c.,  are  placed  under  the  flooring,  and 
fired.  To  hasten  the  destruction,  fire  must  be  communicated  at 
several  points.  If  time  does  not  permit  the  burning  of  the  bridge, 
a  pile  of  logs,  timber,  &c.,  should  be  hastily  raised  on  the  floor, 
which,  in  the  absence  of  anything  better,  would  serve  to  arrest 
the  progress  of  an  enemy. 

To  blow  up  a  bridge,  barrels  of  powder,  or  loaded  shells,  are 
placed  under  the  floor,  and  fired  by  means  of  slow  fuzes,  port- 
fires, powder-trains,  &c. 


DESTROrUiO    DBIDGE& 


To  tint  a  l>ridga  of  boats,  ho\e»  are  made  in  tbe  bottOD)«  uf 
9tP  hoata,  either  hy  boring  with  aogcrs,  or  knocking  them  through 
lirith  axeH ;  the  cords  ore  cnl,  and  a  jiortion  of  the  floor  thrown 
■•OTcrboard.  The  sinking  of  a  bridgt-  inav  be  much  facilitated  bj- 
Bltoring  tlic  hulea  beforehand  and  inMrrting  conical  plugs  project- 
*  uitwnnls.  All  tliat  is  then  ncceeeary  to  be  done  U  to  with- 
^draw  the  I'lugs. 

iliiwnry  hridt^rn  are  destroyed  witli  jiowder,  two  or  tlirce  of 
Bie  arriiei*  being  bb)wn  up,  to  render  the  pae^nge  more  diiBcnlt. 

If  tiiue  pcniiiU)  and  the  neceaaarr  means  are  at  hand,  minea 

f  from  lOU  to  I2i>  lbs,  of  powder  will  be  eBtablishwl  in  the  iiler* 

I  of  thoAc  archc*  dcsignwl  to  bo  destroyed.     If  the  want  of  tiioe 

l^dooB  not  allow  tliia  to  bo  done,  an  excavation  in  Uio  fonu  of  a 

will  be  made  ovtr  tlic  ccnt<.T  of  each  arch,  llie  arms  being 

^■t  IniDt  S  yard*  long,  care  being  taken  to  cxearatc  down  to  the 

<f  nuuHinry  of  the  arch  itBelf. 

In  eai^b  of  the  ami8  ts  placed  about  150  Ibii.  of  jmwdcr,  which 
well  corered  and  rammed  in;  or  if  time  doe«  not  allow  tliia, 
J  powder  Is  covcnid  over  with  plank«,  which  are  loaded  down 
■  and  earth  ;  and  fire  is  communicated  after  taking  the 
f  precantiomi. 
e  expeditions  method  is  to  suspend  under  tho  arch  two 
t  three  barrels  of  powder,  which  arc  fired  sinniltnneously,  Tliu 
ridgi',  in  this  t-ax.-,  oflV-rs  much  \v.i^*  resislaneo  than  when  tho 
Mwder  has  ti>  eniKh  tho  maxonry  liy  it«  explosion. 

ExKuv's  ItitnMiu. — Tlie  de*trnction  of  an  enemy's  bridges  is 
I  ojieration  of  the  greatest  importance,  o^pectally  in  repelling 
D  attack  in  force.  A  portion  of  his  army  already  passed  over, 
lay  b«  compelled  in  this  way  to  defend  itself  against  the  whole 
nwer  of  the  absailcd. 

Boats  or  rafts  heavily  loaded  to  incmao  their  mass  and  con- 
rUc]Ri.'nl)y  their  shock,  may  be  floated  down  agatmit  their  hridgt-s, 
icy  slitMild  cnrr}'  near  tlic  middle,  a  strongly  supported  mast, 
lugh  to  strike  tbo  bntlge  and  shock  it  hearily. 
AnoHicr  method  is  by  floating  down  Hre-sliips.  wbhih  an 
wts  flilod  with  incendiary  maleriaU  mixed  with  loaded  shclU 
[]  grenades  in  order  tn  keep  any  one  from  appniachiiig  them. 
'  boati  have  also  a  mast  high  enough  to  stop  them  under 
0  flour  of  the  bridge,  and  allow  them  to  set  fire  to  it.     Fir«  is 
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communicated  by  means  of  a  gun-lock  placed  on  the  powder. 
The  trigger  or  sear  is  joined  by  a  chain  to  a  lever  which  is  made 
to  turn  on  a  pivot  by  tlie  striking  of  the  boat.  A  percussion- 
tube  or  match  would  serve  better  for  the  purpose. 

Barrels  or  tarred  boxes  filled  with  powder,  and  provided  with 
these  explosive  arrangements,  form  an  excellent  material  for  de- 
stroying bridges,  as  they  easily  escape  the  notice  of  the  sentinels 
and  can  be  floated  down  in  numbers  at  a  time.  They  are  pro- 
vided with  wings  on  each  side  to  prevent  them  from  turning  over, 
and  to  keep  the  bung  or  lock-lever  up. 

To  be  certain  of  success  in  the  operation,  floating  bodies,  fire 
and  explosive  boats  should  not  be  sent  doA\Ti  in  succession  and 
separately,  but  a  large  number  should  be  started  in  the  current 
at  once.  Then  a  portion  of  them  will  run  aground ;  others  may 
be  stopped  by  the  parties  placed  on  guard  for  the  purpose ;  but 
some  will  probably  reach  the  bridge,  and  either  destroy  or  dam- 
age it.    Night  is  the  best  time  to  perform  these  operations. 
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APPENDIX. 


Principal  Dimensions  and  Weights  of  Fit  Id- Gun  Carriages  and  Limbers, 


DIMENSIONS. 


Vertical  field 
of  fire, 


Distance  between  the  inside  of  the  trunnion  plates 

Diameter  of  the  trunnion  holes 

Depth  of  the  center  of  trunnion  hole  below  the  upper  face 

of  the  trunnion  plate 

Distance  of  axis  of  trunnions  in  rear  of  axis  of  axle-tree, 

the  piece  being  in  battery  on  horizontsl  ground 

Distance  from  axis  of  trunnions  to  axis  of  axle-tree. 

tleight  of  axis  of  trunnions  above  the  ground 

above  the  horizontal  lice,  <  „"**  j '  * 

)C^  nn 
Howiti^r 

Distance  between  the  points  of  contact  of  trail  and  wheels 

with  the  ground  line 

j  Distance  from  front  of  wheels  to  end  of  trail,  the  piece  be- 

I     ing  in  battery , 

iDiatnnce  of  the  muzzle  of  ^  Gun,  in  front  of  wheels 
the  piece  in  battery  from  i  howitzer 
the  front  of  the  wheels,    (  * 

Length  of  gun-carringe  without  wheels 

I  Length  of  limber  without  wheels. 

I  Length  of  limber  without  wlieels  or  pole 

Length  of  limber  with  wheels  and  pole , 

' Distance  between  the  centres  of  the  axle-lrees  of  gun  car 

ringe  snd  limber , 

, Length  of  the  carriage  limbered  up , 

Distiince  from  tlie  muzzle  of  the  piece,  j  Gun 

when  limbered,  to  the  front  of  pole.  (  Howitzer. 

Whole  length  of  the  axle-tree. , 

Track  of  the  wheels 

Height  of  wheel 

Dish  of  finished  wheel 


(  front  of  wheels. 
(  rear  of  wheels. . 


Weights. 


Gun-carriage,  without  wheels .^ 

Limber  without  wheels  or  ammunition  chest. 
Ammuuition-chest,  without  divisions, 

One  wheel. 


,   (G, 
''  j  Li 


un -carriage 
Limber 


Gun-carriage  complete,  without  implements  . . 

Limber  complete,  without  implements. 

Gun-carriage  and  limber,  without  implements, 


"•2 


In. 

9.60 
8.70 

1.00 

0.60 

14.65 

43.10 

12'* 

IS** 

8* 

74.40 

116.60 
6.91 

1.09 

104.40 

161. 2U 

62.86 

173.08 

96.00 

269.08 

279.10 

272. lU 

78.84 

60.0(1 

67.00 

1.60 

Lbs. 

640 
835 
165 
180 
180 
900 
860 
1760 


o 
H 


In. 

11.66 
4.25 

0.96 

1.00 
16.20 
44.80 

18** 

8* 

79.80 

122.75 

6.90 

111.4f» 

161.20 

62.85 

173.08 


c  o 
OS 

•  • 


lo. 

12.16 
4.6ft 

0.95 

0.80 

16.60 

45.20 

IS* 

12* 

7* 

5* 

79.80 


122.75 
15.7l» 
12.70. 


101, 
274. 

283 

78, 

60. 

67. 

1. 


,70' 
.78 

.78 
.84 
.00 
.00 
.60 


Lbs. 

736 
885 
166 
196 
180 

1128 
860 

1988 


113. 5(' 

161. 2t' 

52.85 

173.08 

i 

101.70 

274.7b 

294.01' 

291. m. 

78.84 

60.  Ot 

57.0*' 

1.50 

Lbs. 

788 
335 
165 
196 
180 

1175 
860 

2035 


r  J*rn€tp9t  DimauioM  and  WeiffhU  </  SUgt-Oun  Carriaptt  and  L'.mlrra. 


I   = 


l>ta>*n««  IwlvMn  the  tndd*  of  the  traunke-plaUft. 

MimrUr  of  tha  Irunnloii'lKil** 

D«t>th  a1  f.*n\n  o(  lrunnlo»-hol*  btJow  th*  ujifiar  (m*  ai 

trunnioa'plato 

DulBoc*  ■•r*i>*  of  tnmnlinii  to  rev  nf  *sii  uf  uIc-Itm,  thi 

iMtncm  halUry  on  ttuHBanlJkl  grmind 

I  tram  axU  »t  Irunnlaiu  to  axti  nt  uls<triw 

uf  aii*  <>r  iruniiioDti  aliiirv  ilia  ^roiini) 


^      |i»i»w  u..  homont.1  Ui..,  j  ^^^i,-^; ; ;  " 


QMrtanee  tiftwam  III* 


inia  iif  «nnta«l  iif  tha  «ba«lf  anil 
u  iha  enil  oT  tlw  toll 


II  f.r  j;iiiiviiirUK>.  wildoDt  «h«fl> 

k  nf  riml-cr.  wltliout  vhapU 

b  of  llnilvr  without  whrrla  or  pola 

b  at  Itiul-Ar,  vitb  obHlaand  fole 

■  bK*a«ii  tlia  «<iitif*  of  tba  aile  uw*»  of  gUB-ear- 

eirriag*. Hiubtr«<d  op 

Iha  Diuail*  uf  ihi  gno,  in  Ita  lnTcliD|  pcHl- 
it  rnd  «t  (•olf 


UI.OCi 

Ijn.nii 
BV.SO 


US.OONl.M 


KB.  U  1:11.  U 
IM.Vii'IB4.Wi 


;j: 


whrvU.... 

2bl><f«lw<l 
of  floiabeJ  whaaL  . . 


Gas'^arriafrr.  wlltniat  whaal* , 

UmbfT.  vitboBt  aliMli 

Dm  vhaol 

U«ii-«arria(a.  mniplMc,  wlUiiMt  Implemant*. , 

l>nb«T.  aomiiUia 

UoB-earria^  and  llmhar,  withsut  lni|ilrBiaiita . 
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Field  and  Siege  Wagons, 


DIMKKSI0N8  AKD  WKIGIITS. 


Length 

Distiiiice  between  the  axle-trees  of  carriage 

and  limber 

Whole  length,  \then  limbered  up 

Height  ab%ve  the  ground 


Weight, 


'  Carriage-body,  without  wheels. 
Limber,  without  wheels  or  chesi 

Cue  wheel 

Carriage  and  limber,  complete, 
without  implements  or  spare 
parts 


CaisRon. 


In. 
125.50 

92.00 

274.70 

68.75 

Lbs. 

432 
835 
180 


1982 


Forge. 


In. 
130.00 

97.80 

279.00 

•70.50 

Lbs. 

997 
885 
180 


2217 


BatU'ry 

Wagon. 


In. 
154.00 

112.93 

8l>3.18 

73.55 

Lbs. 

910 
885 
180 


2180 


Mortar 
Wagoo. 


In. 
143.60 

102.95 

287.85 

60. 00 

Lbs. 

984 
585 
404 


8185 


IKTKBIOB  DIMENSIONS. 


Ammunition,  or  limber  chest,  without  divi- 
sions   

I  rn_       1-       f  (  Iron -room 

;  Traveling  forge, -|,.„„,.j,„^ 

i  Pmitery  wagon,  bo'ly 

.  Mortar  wagon,  floor 


Longth. 


In. 

40.00 
40.00 
31.00 
98.80 
63.85 


Width. 


In. 

18.00 
32.00 
13.00 
86.00 
40.00 


Depth. 


In. 

14.75 

7.50 

17.00 

22.00 


Weight  I! 


Lbs.     I; 

I" 
165     i 

100    I 


Mortar  Beds. 


DIMENSION'S  AND   WEIGHT. 


i    Length 

';  Exterior    width,     including    maneuvering 
bolts 


Weight 


Coehorn. 


In. 
81.00 

15.00 

Lbs. 
182 


9 

3 

»- 
C 


In. 

22.00 

22.00  ! 

Lbs. 

280 


Weight  of  platform  for  siege-mortars,  made  of  yellow  pino,  837  lbs. 
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11 


SI  in* J  Carta, 


I  «'n;:th  from  r«'iir  of  uImm-N  to  fri>nt  «-inl  of  j»ole 

I.t-ii^lh  «»f  ii\lr-tr*»i' 

ll«-iclit  «»f  >i  lit*«0* 

ni<«Uiiicv  Ik-Iwoi-ii  the  wlif«-ls,  on  the  grouiiil. . . 

(  <  )no  whrcl 

...  Wholf  w«'i;;ht,  without  iiiiiii;-<'hiiiii'« 

I    I  ruiiiiion  chain  niHl  rin.:ff 

\  Siimr  chain 


Larrt>. 


Hand. 


In. 

In. 

242.40 

ir,'».75 

Vi.<h» 

75. 5o 

1»6.<H> 

72.<M» 

58.75 

eo.40 

Lbft. 

LU. 

7nl 

2282 

1115 

23 

H4 

G'lix. 


I>-Ii^tll  of  log*. 

f  '*ry  |HiV 

i'l'iu,  uithixit  l>h»<*ki>.. 

Wu'.UTs.   -.    l*ijII»yblock«.  finiflf  . 

••    '      ••         <h»uMt' 

I       ••  "         triple  . 


Fitl.l  and 
^U■^f^•. 

Cani>(ia. 

CaMrUUit«. 

In. 
175.50 

In. 
256. 5M 

224 

82:i 
r.5 

bt 

In. 
172.50 

Ll*a.         , 
55 

175 

4:i.'»       1 

C42 

a7 

1 

fM*! 

81 

Dimintdnnn^  rfv.,  of  Sio/r  Platfurnm. 


<a.NH    AMI    IIO^  ITZKRi*. 


MoRTAM. 


NAMEi«  or  riECi:^. 


'A 


Hiirf^^r 1 

*»lr«'|»«»r* I'J 

I»«t'L  pUhk* S»i 

>l.ik«''«  •-••ounnir) fi 

*<«t4ik«-*  I  iniiil>-Tiii-iit««). ...  4 

'^trtk«'«  < iMiiiitinir) 

Kv«*  I  oit*  lin»rii 4 


i 

•  % 

ti     5     -^ 

c         ^         ^ 
JS        ^         H 


I   In  In. 

Ins  .'i.iH' 

In?*  .-j.lH 

InH  ;>JM 


III. 

% .  r, 
:t.5 


M.:i 


41    :t.:in   2.n 
32    i.<H     l.O 


I.U».  I 
51 

7«' 


u  '». 


75  . 


ml 


c. 


rf       •/; 


IH 
6 

4 

12 


tt  i  ?j    I     - 


V 

e 


•J 


Is.      In.      In. 

I 
9A   .'i.Mt  S.5 
liiK   .^.0*1  8.5 
4b    {.50,  2.0 

I 
4K   l.Oii  1.0 
11  •»  7A!r^lkd. 


a 

12 


Mm. 

1     •-• 

27  t;:- 

7o    I   ? 

iJ>-il 


28*  • 
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Dimensions^  d'c^  of  the  Bail  Platform, 


:i 


i 

o 

o 
6 


Sleepers 

Rails 

Stakes  (securing). . 
Platforai  complete 


2 

U 


BIBGE  IIOBTABS. 


i 

e 

Hi 


la. 

60 
84 
48 


^ 


In. 

11.6 

10.0 

8.5 


«> 

0 

•S 


In. 

8.5 

10.0 

8.0 


Um. 


816 


E 

s    I 


a 

s 


ll 

■  I 


Dimensions^  d'c.^  of  the  Ricochet  Platform, 


i; 
I 


NAMRS  OP  riEOES. 


Ilurtor 

Sleepers 

IMaiiks 

Plank 

Pieces  of  [>lank. . . . 
Stakes  

Total  weight 


o 

6 

• 

be 

c 

• 
•— - 

5^  . 

a 

M 

Kind  of  Umber  lued. 

In. 

In. 

In. 

Lbs. 

1 

96 

8.00 

8.00 

174 

Yellow  pine. 

3 

108 

5.50 

5.50 

147 

Yellow  pine. 

2 

128 

13.00 

2.25 

166 

Beech,  yellow  pine,  or  oak. 

1 

84 

13.00 

2.25 

60 

Beech,  yellow  pine,  or  oak. 

1 

30 

13.00 

2.25 

21 

Beech,  yellow  pine,  or  oak. 

18 

48 

1.25 

1.25 

32 

Hickory  or  oak. 

600 

APPENDIX. 
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i  mm  unit  ion  rarrietl  in  each  Chest, 


K1X1>. 


NO.        WEIUIIT. 


BKMABKM. 


For  0-rov>UER  (lu.x. 


I 


*i|i.»t,  tix-il 25 

S|ilirrio»l  ca4(v  fixed 20 

1 

( 'sii'mtiT.  tixe<! 6 

'^liiiri-  oartrnlir***,  li  U»*. ..  1 

Kri«'ti(»n  prinif rn 75 

SliiW  iiiiiU-h.  \tU 1^1 

P..rtfiri^....' '  »    ' 


UfK 

lyo.oo 

i:i<S.4<>     The  di«triliution  of  thi<  amrnubition 

it  not  yvt  «lotoniiiiii>d  on. 
42.  on 

2.  fit) 
0.»7 


0.2S 
O.Htf 


Fob  ri-roi'NbKB  (iiN. 
<hot.fix.-.l 


>plipri»»al  caie,  ditto. .... 

('tiii!hti-r.  (littf 

>|4iri*  rurtri«lK«»«,  2^  Ibn. . 

Fiiotiiin  priiiMTii 

•*l..w  iiiati-Ii,  yl* 

l*iirttirfs 


373.11 


lu  tiilic  i>ourh.  or  in  bumlloi. 
)  1 1  ydii  Mow  iiinttli  ami  1  pfirtfir«»  ' 
>     are  put  in  each  pai'kini;  Uix  « livu   , 
)      Brut  from  tli«  ar««ualc 


20       308. 4  N) 


8 

108. «H»  . 

4 

67.  «4 

M 

6.12 

48 

.63 

2 

.88 

4 

1.15 

4yo.y2  : 

In  I^fl  half,  and  in  4th  divi-ion  of 

ri|;ht  half. 
In  li^t  and  2d  divi^ioiin.  rij^ht  half. 
In  3d  di%i«ion,  right  halC 
On  the  itpliiTioal  caho. 
In  tu)»«  |>oufh  ur  bundl<r5. 

(  On  the  ainniuuition,  in  right  halt 


FitB    l2-ri>B.    IIOWITXEB. 


MielK  fixed 

**|ihi-rioul  «>aae.  tixt-d... . 

4'ani«t<T».  lix»'il 

Krii-tiiin  prinivi* 


'•low  match,  yardn. 
Tort  firei* 


i*ani«t«'r« 3 

r  Smull  vhargr.    2:i 


('artridffti.  J 


[Urga 


15 

157.50  . 

2n 

25«».iH»  . 

4 

47.40 

(in 

1.20 

M 

It .  nH 

3 

o.b7 

457.35 

i 

Y**tL  24  I'Da.  HuwiTzcB. 

-li.-n«.«trnpiHNl 12       225.60 

*«pheri«*nl  i-Mf,  Rtrapp<-il. .       8       |h4.<n) 


In  2d.  8d.  and  4tli  di vi»ion^  riirht  half 
In  loft  half. 

In  Ut  division,  right  half 
In  tulH*  {Miuoh,  or  in  bundle*,  on  tho 
cauifltfm.  ±v, 

^  On  the  caiiirtcm. 


ehargf.i     2    ;      5.40 


In  left  hair 

In  front  and  ifiiddl**  diviMont  of  rich  I 
half.  ^       1 

<>:i.75  '  In  ri*ar  diri«ton«  of  right  half. 
5:i.82      12  in  middle  diTi«i«in.  UU    half;  9  in 
niiddh-  divitiun,  right  half;  2  on   ' 
eanitteri. 
On  eanlaieriL 


u 


APPENDIX 


Ammunition  carried  in  each  Chest, — Continued. 


KIND. 


no.  ;     WEIGHT. 


24-PDR. — ContinuecL 


Friction  primers. . . 
Slow  niaU'h,  ynrda. 
Port  firea , 


Fob  82-pdb.  IIowitzeb. 


Shells,  strapped 

Spherical  case,  strapped . . 


86 
2 
4 


Canister 

^    ^  -J-      \  Smlll  charge. 
Cartridges,  j  j^^^^  ^,^„^»^ 

Friction  primers 


Slow  match,  yards. 
Port  fires 


8 
6 

1 
16 

1 
24 

6 
4 


Lbs. 

0.45 
0.38 
1.16 


!  634.65 


196.80 
186.00 

28.60 

46.60 

8.88 

0.82 

1.16 
1.16 


464.30 


BEMAfiKS. 


i 


As  for  12-pounder  howitzer. 


Front  and  rear  divisions  of  left  half 
Rear  divisions,  and  right  front  di- 
vision of  ri^ht  hull 
Left  front  division,  right  half. 

1st  division  in  each  half. 

[n  tube  pouch,  or  in  the  middle  divi- 
sions. 


\ 


In  middle  divisions. 


ArrENDix. 
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Impiemcnts  and  E'/iiipmenU  for  Field  CarrUvjen, 


KIND. 


XO.        WEiUIIT. 


PLAIX. 


I 


FuK    A    Gl'M    OR    HOWITZU  \ 

I'ARklAtiK. 

I 

S|M»iip»*  Atnl  raniiiifrs  . . . .'  2 

SiM»iiir*»  oovt-r* I  2 

\\  onn  ttihl  Stntr \ 

IIitiiiN|iikc!i '  2 

>|M>i){;i*  liiickcL 1 

l*rolt>n|?e ;  I 

Tar  biii'keL '  I 

Wotvr  l.iK-k«»t«  (leather)  . .  2 

(tiiniicr'tt  hnvri*iMii'krt |  2 

Tiilii*  p'liK'h ■  2 

Vrlit  plllU'll j  1 

<  runtif r*rt  piiicerrt. ;  1 

T«»w  )ii»ok I 

r<-r>tliiliiiii  hniiMe I 

Thuiiil*  Millt* 2 

rrimini;  uir*- '  1 

lAiiyni  •!  for  friotioii  prlnrr*  2 

(tiiiificr'n  fj[iiiilvt '.  1 

Kuff  Wn-ncl I 

TMrjxiuUii,  lur^ce 1 

I 
Koa  A  Cawm^ji. 

Felliriir  aie '  1 

Sfiovt'l.  Imiii;  )i«iii11«« 1 

lii'k  ax*» 1 

S|air«*  )iariil<q«ik«* I 

Sjmn-  |N.1r ■  1 

>|i:ir«»  « !»••«•! 1 

low  h«  ok-v. 2 

Tar  liiii-kft 1 

Wn!*»rintf  biii'k«f!«(!i'aiher  2 

TkriMiiiliii.  Xnr^*' I 


Lbs. 


0.28 

3.  tin 

14.. "^i) 

H).«Hi 

18.<M> 

7.<H» 

1«.<H) 

8.72 
l.i»<i 
o.iiH 
n.85 

O.t'M) 

n.nl 
0.118 
0.2O 
«i.h8 

41.80 

54.  (Ni 


ft. HO 

4.7A 

♦'•.•fill 

7.25 

25.:i'» 

1.2»t 

7.«MI 
iCi.lNI 


12  jKlr..  11. A  lbs. ;  C|Nlr.,  9  ll^i. 
On  tho  ^iin  carriai^e. 

>  On  the  liuiber. 


In  the  implement  trayv,  or  in  other 
vacant  «|»«ce«in  the  ainmuuitiou 
che^t 


■I 

|>  In  th«  tub«  punch. 


)  k? 


Strappoi]  on  the  amniuniti<»n  ehc^t      i 


In  thi^  plnren  nfovideJ  for  them  on 
the  caiN»4>n  lH>i]y. 


One  in  the  limber  client,  and  one  in  a 

Cttiwitn  cllt'^t. 


\  On 


) 


the  limber. 


54  .<H>     Strappo  I  on  the  Umber  oIk^a*. 


il 


Two  pjiin  of  KtnipH  f».»r  the  turpauiitiH  an*  fa-^tfiieil  with  stTows  to  thi* 
Cil^fn  «if  the  liii  of  thi*  lii)il>or  (rho*«t,  nt  10  iiirhe:*  from  tlic  cixIh.  11ic 
Mr:i{m  an*  1.2.>  inrh  \ii«le ;  thi>  front  Mraps  'J4  iin'hc'*  long;  the  rear,  10 
inchv'*  l«»n!;,  with  buokleH ;  eaoh  fa»tencJ  with  two  1-inch  (K*rewf4. 


Egt'lPMKNT    OF   TKAVELIXU    FOHUKB    AND    BATTERT    WAUON8. 

One  r«ir<r*f  aihi  oni^  battery  wagon  accompany  each  field  battery.  Thoy 
are  furni^he«i  w  ith  the  touln  and  materiab  required  fi»r  ifaoeiBg  honei|  and 
for  ordinary  repairs  and  preitcr^'ation  of  < 
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Otlier  forges  and  battery  wagons,  equipped  for  the  general  service  of 
the  army,  accompany  the  field  park  which  contains  the  general  supplies  of 
ordnance  stores. 

The  forge  for  the  field  battery  is  designated  by  the  letter  A. 
The  forge  for  the  field  park         "  "  **  B. 

The  battery  wagon  for  the  field  battery       "  "  C. 

The  battery  wugon  for  the  field  park  **  **  D. 


EQUIPMENT    OF    A    FOROE    FOR   A    FIELD    BATTERT. 

Interior  arrangement  of  the  Limber  Chest, 

The  chest  is  marked.  Forge  A. 

There  are  five  boxes  for  tools  and  stores ;  one  shoeing  box^  and  one  can 
for  oil. 

The  boxes  are  marked.  A,  Nos.  1,  2,  3,  4,  5. 

They  are  made  of  white  pine,  0.75  in.  thick,  with  loose  covers  of  the 
same  thickness ;  the  covers  have  three  f  in.  holes  bored  in  each  end,  to 
lift  them  by. 

Two  handles  of  double  leather  are  nailed  on  the  inside  of  the  ends  of 
the  boxes,  so  as  not  to  interfere  with  the  covers. 

The  sides  and  ends  of  all  the  boxes  for  the  forges  and  battery  wagons 
are  dovetailed  together,  and  fastened  with  Qd,  nails  ;  the  covers  are  made 
with  clamps  on  the  ends. 


Exterior  Dimensions  of  the  Boxes  for  Forge  A. 


DE8IONATION. 


A,  Nob.  1  and  8. 

A,  No.  2 

A,  No.  4 

A,  No.  fi 

Shoeing  box. . . 


Length. 

Width. 

Depth. 

Weight 

In, 

In. 

In. 

Lbs. 

17.8 

18.26 

7.6 

8.25 

17.8 

13.25 

7.6 

9.76 

23.6 

8.00 

6.6 

8.00 

39.8 

9.80 

6.6 

14.60 

16.6 

8.00 

6.6 

4.70 

BFMARKS. 


A  partrn  at  4.6  in.  from  one  end. 
A  partition  for  oil  can,  at  6 .  26  in. 
irom  one  end. 


The  oil  can  is  made  of  tin,  to  hold  one  quart ;  it  is  five  inches  square 
and  four  inches  high,  with  a  neck  for  a  cork,  one  inch  diameter  and  0.5  in. 
high,  near  one  corner.     Weight  0.9  lb.     It  is  marked,  A,  Sperm  oil. 


APPEXDUC. 


i: 


^Koa.  1,  3,  And  S,  ktc  pl)ii;wl  in  tlio  botUim  at  tlio  clioot ;  No,  1 
■  loft  huid ;  No.  2  in  tiic  midtlla. 
Ko.  4  i«  p)»r^  on  top  of  Nw.  1  kh'I  S,  agslnxt  the  left  rnd  and  Uie 
I  back  of  the  chest ;  tbo  divwon  for  the  oil  can  on  iho  left  hand. 

No.  0  is  plitced  on  top  of  Noa.  1,  2,  ud  3,  lig&in*t  thti  frant  of  llir 
«beal 

The  Rhodng  box  is  plftced  on  No.  3,  n^ratnst  tbc  right  «iid  and  lUt  Wk 
of  ihu  cheat. 

Tim  ItinU  and  «toivii  in  all  the  boxes  and  in  Uio  forgi*  ftnd  hattcry 
wkgona,  itro  Mjcnrc'ly  [iKt-'kcd  wltli  tow. 

CtmttnU  e/  the  lAmbtr  Ckat  of  fhrgt  A. 


D(>r«*  ibon,  IfM,  S  idiI  S \U. 

Hotm  ■hm,  KoL.  3  ao'l  X   lb*. 

Him  *liD«  DAiU  Kim.  11  and  S.. .  .lb« 


lin*!)  (iliu..... 

I  Chtin*,  Ro*.  1  and  i 

(-«ld«)MrtAlUk>.KaS 

I  Citid  Aut  d  UbIm  No.  • 

tluj  Mid  ahlMlm 

n«di» 

FUvK  UHntcd,  wlUi  UbJIm 

Ihitir«ai 

Ilaaj  pnncliM,  rooDj  ftail  tqOBM,. 

flcMW  «?«a«k 

HiMd  tn**  dritar. 

ItuiilvW 

rwr  ■■uUi'*  «*n)|Mn, 

pTCi™:;:  Ji*'* '•«•"•  •^*"- 

Vmlwtni.  1  Id..  So.  )*....( 
<^Mrt  (■•  of  rpcnn  oil 

Canted  fonnml 


ion. no 

■00.00 
M.OO 

fi.U 
3.W 
3. IB 
l.DO 
1.00 

s.no 
l.w 
:.»o 
8. IT 


BotA,!. 
Ikn  A.8. 
llox  .^,  i,  Urgi  dlrtuon. 


APPENDIX. 
Contenti  of  Limber  Chest. — Continued. 


Fire  tliDvel 

I'uker 

Split  broora 

Hand  hammer 

KiTetiDg  hammer 

TJailing  huamer. . . . . 

Bledge  hammer. 

Chiaela  Tor  hot  Iron. . 
Cbiulg  for  oold  iron.. 

Smith's  long* 

Pare  punch 


Fuller. 

Nail  claw 

Round  punch 

Tap  vrencb 

Die  BMck. 

Nave  baudi,  developed  . 
Tire  bands,  developed... 

shoeing  hammer 


llaaps  (1*^  inohea) . . 

Shoving  knire 

Too  knife 

Pi-ilchel 


rostenei  on  jnNiIe  of  the 
copper  elampa. 


APPENDIX. 
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Contents  of  the  Forge  Bodi/^  A. 

V'ox  A,  f».  of  the  same  (limonsions  a**  A,  1,  in  carrie<l  in  the  iron  room. 
Ti)  ]»ut  this  I)ox  in,  df  take  it  out,  Ioo!»on  the  thumb  nuts  and  rai-e  tlic 
n  ar  of  the  heUows  au  inch. 


TfKiLA    A!fD  BT«IK»S. 


XO.  1  WEIGHT. 


PI.ACI 


\V.it«r  btickot,  wtNid, 

At.vil 

V"i<'c , 


WAttTini?  I'licki't.  l«iit)i<T 1 

PiiliiniiiioiiH  ooaI Il»aj'i50 

Toal  -l.iivtl 1 


l-nlliHk I     1 

lliir-^c  »h«Mf*,  Nufl.  'i  and  .H Ibi*.  Khj 

I 

*<^<{UAr<>  in»n.  \  ami  |  in llif.  1(H) 

Tint  iron,  ]^  in.  x  |  in.,  1  in.  x  ^  in.       I 

nnii  li  in.  x  ^  in l)ir.,  «^0 

Koiuitl  in>n.  2  in Ilxi.    50 

I  '&«t  «tf«>I,  I  in.  Miuar«> Ilw.'     5 

Ki.gli«h  )>li«tfr  nvA Ib^.      d 

\Ux !     1 

Tow 


Total.  ( xchiMve  of  vice 


10.00 

llNI    INI 

8.0<» 

t*AO.«NI 

4.75 
0.50 

KHi.Ou 

llNI.<HI 

50.0«» 

50. (Ni 

5. (Ml 

ft.tMl 

8.25 
2.0^1 

Alia.  50 


=  1 


On  \X^  liiNik. 

On  the  tire  place. 

Fixed  on  tlie  stock  of  the 

oarrini^e. 
On  the  vice. 

[in  the  coal  box. 

On  coal  liox. 

liox  A,  tf ,  in  iron  room. 


•' 


I  ^ 


In  the  iron  riiom.  The 
liars  not  more  than  S 
feet  lonju;;  the  Mjuare 
iron  iu  2  bundle*. 


I 

t 

I 

ii 


N*»Ti.. — 1U»  lb*,  of  hor*i»  !*h«»fi«.  awMirte.l,  contain  90  ahoi^ 
1  n>.   hopti'-.-hue  nails,  Ni».  !{,  contaMii*  140  naiK 
1  lb.  "  "         ••    2,         "        112 


(( 


KgriPMENT   OK    A    OATTERY    WAOON    FOK    A    FIELD    DATTEKr. 

Interior  Arrtmgement  of  Limber  CheMt, 

The  I'host  U  m.'irkod,  I»\TrKKr  waoov,  C. 

'1  hi*  t<M»Is  and  storcH  an*  rarrietl  in  four  boxeM^  marked  C,  No!^.  1,  2,  3, 
at'd  I,  ri'^iMTtivfly,  and  in  one  oil  ean, 

'Ili«'  Iftxes  an*  inaih*  i>f  white  pine  0.75  in.  thick,  with  h'.ither  handler 
innidi'.  and  hwj.H*  oivers  like  thmie  of  the  IiniU*r  ohw»t  of  Forge  A. 

The  ruvi'rA  c»f  Nos.  1  and  2  arc  0.75  in.  thick ;  those  of  Nos.  3  and  4 
arc  O.u  in.  thicL 
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Exterior  Dimensions  of  the  Boxes. 


DI6I«KATI01f. 


C,  No.  1. 
C,  No.  2. 
C,  No.  3, 
C,  No.  4. 


« 

Length. 

Width. 

Depth. 

Weight 

In. 

i'- 

In. 

Lb*. 

17.8 

13.26 

7.50 

8.25 

26.5 

17.80 

7.60 

17.60 

89.8 

9.80 

6.26 

12.50 

89.8 

8.00 

6.25 

11.00 

No.  3  has  a  partition,  at  6.25  in.  from  one  end,  for  the  oil  can. 

No.  4  has  two  partitions  perpendicular  to  ^he  sides,  making  three 
divisions  15.8  in.,  10  in.,  and  11  in.  long,  respectively. 

The  oil  can  is  like  that  for  the  limber  chest  of  Forge  A,  and  is  marked : 
C,  Sperm  oil. 

Boxes  Nos.  1  and  2  occupy  the  bottom  of  the  chest ;  No.  1  against  the 
left  end. 

Nos.  3  and  4  are  placed  on  top  of  Nos.  1  and  2 ;  No.  3  against  the 
rear  of  the  chest. 

Contents  of  Limber  Chest  for  Battery  Wagon^  C. 


CARRIAGE   MAKERS   TOOLS. 


Hand  saws 

Tenon  saw  (14  in,). 


Jack  plane 

Smoothing  plane 

Brace,  with  *24  bits 

Spoke  shave 

Gauge 

Plane  irons 

Saw  set 

Rule  (2  feet) 

Gimlets 

Compasses. pair 

Chalk  line 

Brad  awla. 

Scriber 

Saw  files  (4^  in.) 

Wood  files  (10  in.) 

Wood  rasp  (10  in.) 

Trying  square  (8  in.) 

Hand  screw  driver 

Carried  forward 


NO. 

WEIGHT. 

Lbs. 

2 

4.00 

1 

1.60 

1 

4.16 

1 

1.80 

1 

4.36 

1 

0.30 

1 

0.80 

2 

1.06 

1 

0.26 

1 

0.14 

12 

0.95 

1 

0.18 

1 

0.10 

2 

0.17 

1 

0.16 

12 

0.87 

2 

1.12 

1 

0.40 

1 

0.60 

1 

0.82 

22.70 

)  Fastened  to  the  inside  of 
)      chest  cover. 


ir 


In  Box  C.  1. 
17.20  lbs. 


I.imhtr   Chttt  for  Batttry  Wapnn,  C— ConiinucJ. 


Bn>iig1it  forward 

H*«n'*  twu — ConCd. 


rUw  halcbM. . 
C'U>  hi 


l«»all) V 

T«bl*ri«. 

FrwuioK  cliitrla  (1  in.  u>i)  t  in.)  ■ . 
nrmvr  uhiH-Ia  {  (  in.  and  1}  in.). . , 
Fnuninir  ('uiigi'.'itl  io,  and  Ij  <d  i' 
.\iJ,I*N.r,.U,.uJI«(*m..|in.,|iB 


with  handler.. 


I  tjuart  caa  of  ^nn  oil . . 


I'  llammar 

j'  Slioa  knif*. 

Half  round  knif. 


,   i:uli(ifMl) 

•   N«dl« 

<   Awl* and  haaJlM., 
i   runchft 


I  TliimMca 

■  Strai.  awl | 

I   II>Wwas lU, 

Illark  wal lb*  | 

Iln*tl« oi] 

Y  -ho«  lhrca.1 Ibn, 

I    I'aUntUiraad Ili«.| 

'  Caniad  forward I.. 
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Limber  Chest  for  Batter^/  Wagon^  C — ConiiDued. 


TOOLS   AND   8T0BES. 


Brought  forward. 


saddler's  tools  and  stores — ConVd. 

Bnckles  (aseorted,  0.76  in.  to  1.5  in.),  .doz. 

Tucks M. 

Gunner's  callipeis 

Shoe  knives 

Scissors. pairs. 


Padlock 


Tar  bnck<?t , 

Boxes 

Tow  for  packing. 


Total 


NO. 


3 
S 
1 
2 
2 


1 
4 


WEIGHT. 


Lbs. 


96.21 


1.00 
0.76 
0.50 
0.18 
0.20 

0.60 

7.00 

49.26 

7.00 


162.69 


PLACE. 


In  Box  C.  4. 
20.66  lbs. 


On  its  hook. 


Interior  Arrangement  of  Wagon  Body^  C. 

A  TILL,  9  in.  wide  and  9.5  in.  deep,  is  placed  at  the  back  or  right  side 
of  the  wagon  body. 

An  axk  rack  extends  along  the  whole  length  of  the  body,  on  the  left 
side,  11  inches  from  the  bottom  ;  it  is  2  in.  deep  and  1.5  in.  wide,  and  is 
fastened  to  the  side  by  the  middle  rivets  of  the  side  studs,  and  by  6  wood 
screws.  The  rack  has  notches,  to  hold  three  axes,  a  hatchet,  and  3  hand- 
bills. 

Four  boxeSy  for  stores,  marked  :  C,  Nos.  5,  6,  7,  and  8. 

One  hoXy  marked  :  C,  Candles. 

Exterior  Dimensions  of  Boxes  for  Wagon  Body^  C. 


1     DESIGNATION. 

I 

43 

rs 

• 

C 

remarks. 

In. 

^ 

9) 
P 

f5 

1 

( 

In. 

In. 

Lbs. 

1 

C,  Nos.  5  and  6 

23.0 

18.50 

11.25 

17.60 

No  covers. .  /Of  hard  wood,  0.75  in. 
Loose  cover  '     thick. 

O,  ^  (>.  7 ..... . 

23.5 

20.25 

14.00 

28.00 

C,  No.  8 

13.0 

13.00 

6.00 

6.00 

Div.  into    )  White  pine,  0.625  in.  thick, 
four  parts  J  with  covers,  hinges  &  locks. 

Candle  box. . . 

1 

11.0 

6.6rt 

6.60 

2.86 

Seven  tin  cans,  two  marked  C,  Neats'  foot  oil  ;  one  marked  C,  Lin- 
seed OIL ;  one  C,  Turpentine  ;  two  C,  Olive  paint  ;  one  C,  Black  paint. 
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DimeMions  of  Cans  for  Wapon  Body^  C. 


For  nentafoot  oil 

;  Forlinr«ed  oil  and  tur- 

peutioti^ ■    I  g«1. 

For  oliv#  paint 25  Ib^. 

.  Fur  black  paint ,    6  Iba. 

i 


6.00 

9  75 

7.00 


10.00 
10.25 


1.87 
8.00 


8.5<»;  1.50 

I 

I 


(^  Rounded  tops  and  n 
1      neckt  for  corka^         i' 

i  Flat  tops ;  opening  cot-  ! 
•<  ered  with  a  piece  of  • 
(     tin,  soldered  on. 


Two  kegi^  for  grease ;  exterior  dimensions : 

Diameter  at  the  bilge 10.5  inchea. 

Diameter  at  the  heads. 9.76    " 

Il^fipht 12 .  50    - 

Weight 5  lbs. 


Contents  of  the  Wagon  Body,  C. 

l^x  C,  No.  5,  is  placed  on  the  bottom  of  the  wagon,  next  to  the  pile  of 
harn(*H.n  which  occupies  the  rear  part  of  tlie  body.  Box  No.  0  is  t>n  top  of 
No.  5  ;  No.  7  on  the  l>ottom  of  the  wagon,  in  front  of  No.  5 ;  No.  8  on 
top  of  No.  7.     The  candle  box  in  No.  6. 


TOOM    AXD   STOKUb 


I' 


(Jnaeeil  oil ,, ,,  .gal 

S|»irit4  turpentine  . . .  .gal. 

Olive  fiaant Iba. 

Black  paiot 


Paint  hruihes 

S|i^rm  or  wax  eandl««,  n>s. 

Rammer  heails 

S|H>nge  heads. 

SjKingips 

Priming  wires 

<tuan«T'a  gimlets 

Ijanvardaforfriciioo  tube» 

Cannon  apikes i     6 

iMrk  lanterns 8 

Common  laatvroa 


12 
5 
4 
4 

12 
8 
8 

4 


Carried  forward, 


PLACI. 


In  1  tin  can.  *^ 
•*  1     do. 
•*  2    do. 
••  1     do. 


In  Box  a  6. 
80.44  lbs. 


8.00 
7.85 
2.WI 
8.20 
8.0(1 
0.24 
0.24 
0.40 
0.80 
8.00 
4Mt 


In  candle  box. 


^  In  Box  r.  fl. 
28.73  lU 


10V.17 
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Contents  of  the  Wagon  Body^  C — Continued. 


TOOLS  AND  BTOBBa. 


Brought  forward . 


Neats*  foot  oil gals. 

Grease lbs. 

Nails  (4d,  Ad,  8d,  10d)..lb& 


FelliDff  axes.. 
Claw  hatchet 
Hand  bills. . . 


Caisson  stock. . 


Rammers  and  sponges. . . . 
Spokes 


FeUies, 


Grindstone,  14  in.  x4  in. . 
Arbor  and  crank  for  do. . , 


Screw  jacks. 


Wheel  traces. .. 
Leading  traces. 

Collars 

Girths 

Whips 

Bridles 

Halters 

Halter  chains.. . 
Hame  straps. . . 


Spare  nose  bags 

Sash  cord pieces. 

Slow  match yds. 


NO. 


Elevatinjjr  screw, 
Pole  yoke , 


Harness  leather side. 

Bridle  leather do. 


Prolonge 
Scythes. . 


Carried  forward , 


4 
50 

20 

2 
1 
2 

1 

8 

40 

24 

1 
1 

3 


12 
6 

60 

1 
1 

1 
2 

1 
4 


wconT. 


10 

47.60 

10 

67.60 

6 

27.60 

16 

11.00 

16 

8.00 

6 

18.00 

6 

21.00 

12 

16.50 

25 

4.60 

Lbs. 

109.17 

82.80 
60.00 

20.00 

12.00 
2.00 
4.00 

85.00 

13.60 
72.00 

160.00 

60>00 
6.50 

76.00 


13.60 
10.00 

6.00 

16.75 
12.25 

25.00 
22.00 

18.00 
9.00 


993.97 


PLACIL 


^.?  \  ^"gj*"*^  [  In  Box  C,  7.  92.80  Iba 
BoxC,8. 


\ 


In  the  axe  rack. 


Under  the  till,  against  the  side  and  rear 

of  the  wagon. 
On  the  caisson  stock,  against  rear  end 
On    tlie    bottom ;     piled     lengthwise 

•gainst  the  front  end. 
On  the  spokes,  crosswise. 

(On  the  fellies,  against  the  left  side  of 
the  wagon. 

On  the  fellies,  against  the  front  and  the 
tUl 


In  a  pile  occupying  30  inches  at  the 
rear  end  of  the  wagon,  between  the 
left  side  and  the  cai^on  stock,  and 
up  to  the  top  of  the  till ;  the  collars 
piled  on  each  other,  from  the  bottom. 


i 


On  the  harness. 
On  Box  No.  7,  to  the  left  of  No.  8. 
On  the  pile  of  harness. 


Under  till,  in  front  of  the  pile  of  har-  ■. 
ness,  and  against  the  caisson  stock. 


On  box  No.  7,  in  front  of  No.  8. 
In  the  till,  against  the  front  end. 
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Contents  of  the  Wa{fon  Body,  C — Continued. 


I' 


TtXiLA  AND   ilTOKES. 


NO. 


Brougbi  forward, 


S4»ythe  RtonoA. 4 

S|.Vl«^ I  ft 

Pi<'kiix«*4  anJ  hiiO(ile«. . . . . ;  2 

Torn  NickA 24 

Tarpaulin*,  6  feft  •quaro.  .|  2 

Kt^l'iDg  hooki 4 


I- 


Scvthe  »noath<i 


^|mr^    stock 
wniron. . . . 


for    batUrv 

1 

Pa.Ilotk ;     1 

Wnteriii^  huckt't ,     1 

Furage 

Jtoxen 

Tow    


WEIOIIT. 


Lbfl. 

993  97 

6.00 
80  (Hi 
13  00 
2t».00 
IM.OO 

8.86 

12.00 


90.00 
0.60 
8.00 

69.00 
24.60 


Total !... .'1288.82 


I 


rLACK. 


Id  the  eurre  of  the  ncythea. 

In  the  till ;  the  bits  againi^t  the  rear  end. 

Between  the  spade  haodlea. 

On  the  scythes. 

On  the  com  sacks,  against  front  end. 

Fastened  to  the  ridge  pole  witli  a  wood- 
en chimp  and  a  leather  strap. 

Fastened  to  the  ridge  pole  with  two 
leather  straps  and  bucklea. 

In  the  spare  stock  stirmp. 

Tied  to  the  forage  rack. 
In  the  forage  rack. 


Ezclosiire  of  forage. 
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Dimensions  and  Weights  of  Gun-Carriage  and  Equipment  for  Mountain 

Howitzer, 


Oun-Carriage. 

Dietjince  between  the  inside  of  trunnion-plates 

Diameter  of  trunnion-holes 

Depth  of  axis  of  trunnions  below  upper  face  of  trunnion-plate 

Distance  of  axis  of  trunnions  in  rear  of  axis  of  axle-tree,  the  piece  bting 

in  battery,  on  horizontal  ground 

Distance  from  axis  of  trunnions  to  axis  of  axle  tree 

Ueight  of  axis  of  trunnions  above  the  ground 

Vertical  field  of  fire,   \  f  ^°^«  ^*  horizont,!  line 

*    (  below  the  honzontal  line 

Distance  between  the  points  of  contact  of  wheels  and  trail  with  the 

ground  line 

Distance  from  front  of  wheels  to  end  of  trail,  the  piece  being  in  battery. 

Distance  of  the  muzzle  of  the  piece,  in  battery,  in  rear  of  wheeK 

Length  of  gun-carriage,  without  wheels 

Length  of  thill 

Whole  length  of  the  axle-tree 

Track  of  the  wheels 

Height  of  wheel 

Dish  of  finished  wheel 

Ammunition- Chent,  or  Carriage-maker* s  Tool- Chest. 

Interior  length 

•*         width 

depth 

Forge-Chesty  or  Smithes  Tool- Chest. 

Interior  length 

width 

depth 

WEIGHTS. 

Howitzer 

Gun-carriage,  without  wheels 

One  wheel 

Handspike 

Sponge  and  rammer 

Gun-carriage  complete,  with  implements 

Thill 

Bridle 

Halter ; 

Pack-saddle  and  harness 

Laehincr-girth  and  rope 

Ammunition-chest,  or  carriaee-maker's  tool-chest,  empty 

Forge-chest,  or  smith's  tool-chest,  empty 

Ammunition-chest,  packed 

Forge-chest,  packed 

Smith's  tool-chest,  packed 

Coal-sack,  filled  with  charcoal 

Carringe  maker's  tool-chests,  -!  ,. 


Inches. 

7.00 
2.75 
0.62 

2.60 
8.50 
27.  (K^ 
9' 

7** 

43.70 
71.80 

2.44 
61.00 
78.00 
88.25 
80.20 
88.  (H) 

2.00 


82.80 
4.75 
9.35 


32.80 

8.00 

16.25 

Pounds. 

220.0 
157.0 
65.0 
6.0 
3.0 
295.0 
30.0 
3.0 
3.5 
44.0 
3.0 
20.0 
42.0 
112.0 
115.0 
117.0 
25.0 
45.0 
45.0 


1. 


Art'ESDIX. 
Skol. 


U*L 

II-Ul    IO-Ib. 

M. 

at 

B.ffi 

,. 

"^ 

* 
1.11 

;: 

I.U  I.M 

i.ni.u 

i.fi 
I.W 

"•""■■■" 

IM.W 

wiwits.w 

n.tr 

u.iu 

W.ar.ll.K 

SktlU. 

FwHoMu              ro>e«aaitdBa-IBM>. 

Ift-lo. '  4-<n 

.««,  ,o.hU...   «i  «  U  I  ,.  I„ 

In.        IM     '     :                                                      1            :       '   [iL   ' 

1  OD  1  woj   1  <M  liij  1  11*1  in;  OM  o.aM  (.MaTii! 

TMOmb  ■!  Ma-kcl*  . . . . 

StHSE 

,     1     1    ,     i-"|  ■  r   1 

TItu  B-incli  nwrUr  ohiill  u  lued  for  the  ncgc-faowitzor. 


e-tn. 

4* 

»i 

M         IS        11 

« 

jnmaiTT 

la. 

li.Vi 
0.715 
0.676 

l.V» 
W.ooo 

U. 

a.  Ml) 
().aa< 

O.S75 

I.UM 
1.760 

I.J«n 
II.W6 

W.840 

lo. 

ft. an- 
il, fliw 

it.«36 
11.676 

l.SM. 

1.6mi 

l.jmi 
■1.076 

Ift.ono 

In.          Iru        In. 

G.«8(IS.17<l4.e»> 

U. 

S.6lti 

I.**] 

•I.TB8 

11ii<ikaM(  of  m«Ul  at 

■»,57ai).6aa 

0.6*5  i>.*7n 
l.loni.KHi 

.,«6 
I.4S6 

n.7to 

tha  fiuf- 

il»ft>»- 

n.aouii.WKMi.wii 

"«••!«»■» 

lb.. 

ll.8<w».7w 

«-10i 

[  Tb«  lbtdiii«a*  of  meUl  al  the  fiue-liol«  U  «up[>o«Nl  to  be  monaurHl  in 
•  ui*  of  the  fu»i-bule,  bvtWMn  Uie  tpborical  taztteea  of  the  tbell  Mid  of 


The  fflto-bvloi  of  (liclli  Aud  ■pUcrital-casv  ilntl  Upcr  O.IS  iDcli  to  1 
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Diameters  of  Shot  and  Shell  Gauges, 


1 

\         Diameter. 

IS-iiu      10-in. 

6-iii. 

42-pdr. 

82-pdr. 

24-pdr. 

IS-pdr. 

12-pdr 

6-pdr.  1 

;  Large 

.  Small 

12.90 
12.80 

9.90 
9.80 

7.90 

7.80 

6.86 

• 

6.76 

6.27 
6.18 

5.70 
5.61 

5.18 
6.10 

4.53 
4.46 

1 
S.60  < 

8.54 

i 

Canister-Shot  Gauges, 


.  Diameter.   42-pdr. 

1 

82-pdr 

24-pdr.  Gan, 

and 
6-in.  How. 

18-pdr. 

12-pdr.  Gun, 

and 
82-pdr.  How. 

9-pdr.  Gun, 

and 
i4-pdr.  How. 

6-pdr. 

1.17 
1.14 

12-pdr.  Hov. 

r^rge . . . 
Small  . . . 

2.26 
2.22 

2.06 
2.02 

1.87 
1.84 

1.70 
1.67 

1.49 
1.46 

1.85 
1.S2 

1.08 
1.05 

Grape- Shot  Gauges. 


DiameU>r. 

1 
i 

42-pdr,  '  32-pdr. 

24-pdr. 

IS-pdr. 

12-pdr. 

Large 

I  Small 

t 

3.17 
3.13 

2.90 
2.86 

2.64 
2.60 

2.40 
2.86 

2.06 
2.02 

Dimensions  of  Cylinder  Gauges, 


11 

I 

i 

10-1  n. 

8-in. 

42-pdr. 

82-pdr. 

24-pdr. 

18-pdr. 

12-pdr, 

e-pdr. 

1 

t     a 

50.00 

40.00 

35.00 

32.00 

29.00 

26.50 

23.00 

18.50  ; 

b 

9.90 

7.90 

6.86 

6.27 

6.70 

5.18 

4.63 

8.60   I 

c 

10. 00 

8.90 

7.86 

7.27 

6.50 

6.00 

5.35 

4.40 

^•••»       •••• 

11.15 

9.15 

8.10 

7.50 

6.70 

6.20 

5.55 

4.60 

e 

2.50 

2.00 

2.00 

2.00 

1.75 

1.75 

1.50 

1.50 

f 

^^^^^r                            APPENDIX                                                       &d     ^^H 
DimeiuMiu  and  WeiphU  of  Omhltra.                                        1 

KIMUMIItll. 

'"•—"""--"■  — 

iros  8-W. 

; 

1 

""'*"*'*' 

<a 

xs 

M 

n 

It 

«««!j2U^ 

Unglh  at  Un  for  cyliiuler,  derclc^ 

11. so 

».60 

8.78 

».Ta 

8.7rt 

4 
7 
« 

io.a 

ll!lB 

e.u 

8.10 

4 

7 
A 
« 

B7.00 

IN. 

18. X" 
8,M 
S.n» 

7.sa 

4 

7 

ST 

M.W 

B.T. 
7.7" 
S.l! 
6.07 

9.W) 

( 

T 
« 
27 

13.011 

14.4<) 

4^47 
4.41! 

s.mi 

4 

7 
87 
IS.Ofi 

IX,    1   m. 
^fi.  loss.  11 

U<'^bt  uf  ISui<li«l  o*DUt«r 

7.IW    7.(«fi 
7.T»I  7.W 
1!. 0)11.81 

4           4 

ts      U 
II      la 

4S         ttl 

S3.SOM.50 

Surobcr  <if  .liol  in  mch  of  ti><  thro* 

W«li)it,  tMAti  ranirtw Um. 

1 

(?rap(^&)f. 

euln.    43 

83  1  S4       18 

IS 

I. (in  s.ns 
S.St  K.DO 

u;i.4oi.« 

i.6» 
J.O* 

l.H 
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i 
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« 

il 
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t.SO 
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l.ai 
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1 

d 

■ 

■ 

■ 
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^^ 
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Grape- shot  Stavdn, 


DIMENSIONS. 


Diameter  of  plates 

Thickness  of  plates 

Interior  diameter  of  rings 

Diameter  of  round  iron  for  rings  and  pins. 

Length  of  pi  it,  including  tapped  part 

Height  of  stand  between  the  outsides  of  the 
plates. 

WKI0RT8. 


Plates  

Pin,  nut,  and  rings, 
Stand,  complete.. . , 


8-in. 

42 

32 

24 

IN. 

IN. 

IN. 

IX. 

7.85 
0.60 
6.55 
0.60 
14.70 

6.88 
0.60 
6.78 
0.60 
9.26 

6.24 
0.60 
6.16 
0.60 
8.70 

6.68 
0.60 
4.76 

0.88 
7.88 

9.85 

8.76 

8.20 

7.60 

LDSw 

LBS. 

LBS. 

LBS. 

18.60 

4.75 

74.50 

10.20    8.00 

2.80    2.60 

51.25  89.75 

6.75 

1.81 

80.61 

18        12 


IN. 

5.17 

0.40 

4.26* 

0.88; 

7.18 

6.80 

LB8. 

4.66 

1.12 

22.15 


IN. 

4.52 
0.40 
8.80 
0.32 
6.12 

5.80 


3.44 

o.ev 

14.84 


Charges  for  Mortar  Shells, 


Of  the  shell  filled  with  powder. . . 

Charok,  -(  To  hurst  the  shell 

To  blow  out  the  fuze 

('annon-powder. 
Ordinary  Service-charge,  -j  Incend'ry  match, 

or  other  comp. 


13-in. 

10- 

in. 

8-in. 

LBS.    OZ. 

LBS. 

OZ. 

LBS.    OZ. 

11       0 

5 

0 

2     9 

6     0 

2 

0 

1     0 

0     6 

0 

5 

0     4 

7     0 

3 

0 

1   12 

0     8 

0 

6 

0     6 

CcHhorxL 


J8. 

OZ. 

1 

0 

0 

8 

0 

2 

Dimensions  for  Field   Cartridge  Bogs. 


j  DIUEMSIONS. 

, . 

i 

1  Length  of  rectangle  (cylinder 

dovidoped) 

;  rioight 

\  Diameter  of  bottom 


12-pdr.  jrun ; 

3*i  an- 1  24-pdr. 

howitzers. 


Id. 

14.20 

10.00 

5.25 


6-p<lr.  jriin, 

nn<l  12-p<lr. 

howitzer. 


In. 

11.40 
7.25 
4.37 


REMABKS. 


1  in.  allowed  for  seam. 
0.6  in.  da 

1  in.  do. 
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POWDER    MEASURES. 


Made  of  sheet  copper ;  those  for  use  in  the  park  should  bo  made 
without  liandles,  for  the  convenience  of  putting  them  up  in  a  nest ;  their 
fi»nn  is  cylindrical,  the  interior  diameter  and  height  being  equal. 

To  find  the  diameter  and  height  of  a  cylinder  to  contain  a  given  quan- 
tity of  gunpowder^  multiply  the  weight  in  pounds  by 


38.2  for  cannon 
30.4  for  mu>ket 


powder. ......  )^  medium  density, 

or  nflo  powder.  J  ^^ 

and  take  the  cube  root  of  the  product. 


Dimen*ion$  of  Powder  Measures, 


\: 


WclKht  of 

1 

DUmeter 

Wrif  ht  of 

Diameter    , 

powder. 

and  height 

powder. 

and  height 

1 

IbiL        OS. 

In. 

IbiL        OS. 

1 
In. 

0         1 

l.»87 

2          0 

4.240 

0         2 

1.685 

2         8 

4.671 

0         4 

2.122 

8         0 

4.857 

1)         8 

2.678 

4         0 

5.846 

1          0 

8.868 

4         8 

5.560 

1         4 

8.628 

6         0 

6.120 

1          8 

• 

*  8.865 

8         0 

1 

6.786 

Charges  for  Field  Pieces. 


K»U. 


.1 


For  ahot 

For  apbericiil  ctum  or  caniatcr 

(  Large  cuiir^e. . . 


ron  ocvi. 


12-pdr. 

6-pdr. 

Lbn 

2.5 
2.0 

Lba. 

1.25 
l.OU 

fOB  ■OWITZBM. 


t4pdr. 


IS-pdr. 


8>-pdr. 


Lba. 


2.60 
2.fi0 
8.26 


Lb*. 


2.0 


Lb*. 


1.0   ! 


l.l  }'-o 
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Dimensions  for  Field  Howitzer  Cartridge  Blocks 


DIMENSIONS. 


Diameter. 

Height 

Distance  from  middle  of  groove  to  bottom 

of  block 

Width  of  groove 

Depth  of  groove 


82-pos.  Bownx 


Pomll 
charge. 


1 


In. 

4.15 
2.00 

0.40 

0.80 
0.10 


Large 
charge. 


In. 

4.150 
0.7*0 

0.876 

0.300 
0.150  ' 
I 


Stamps  for  Blank  Field  Cartridge*, 


SruUI 


4.15 
1.00 


O.SO 
0.15 


In.       {       !■. 


4.1^ 

0.*i 


0.40     »     ii,*Z 


o.x> 


Width 


In. 

I 
7.«  ' 


la. 


ff         tt'        j  Width 7.6   •     #... 

Stamna   \  °^  ^°   ^"^'  )  ^®"^'*»  >nclu^in»?  semicircular  ends j    10.5  (     8  4 

'^^  1  f^« : ]  Width I      6.«         .1.2 


or  sewing,  -j  L^^g^j,^  including  semicircular  ends. |    10. •» 


L     --.  - 


Dimensions  for  Formers  for  mnk'ni'j  P*tpcr   Culinders   and    C't: .». 


FOR  cix-*. 


fX>n     HOWIT/TIL* 


DIMENSIONS. 


I 


12 


Pamr  for  a  cylin-    S  L^n^th,  dovelopcd... 


In. 


(» 


In. 


32 


In. 


24 


In. 


14.4M    ll.«'       14.4«»     1  I.  |.. 
(lor  and  a  cap.       ^Height I   VI. Zw)    11. 5<',    l2.iMi     lo.«n 

lUMtrht  of  cvluidcr.  K  x:,  ,,    ,      ^ 

®  "  I  ror  Miiall  clmrgo  . . . ,      4 

Lonptli  (exclusive  of 


1  • 


Formers  for  cvlin- 


haiullv). 


5.2.'. 

5.<M» 


l.'i.CH)'    la.fi, 


,             1        -^    Wiilth  at  upptT  oihl."     rt.Tl       5.2." 
dofe*  and  caps,         »    - •  ' 


Cylindricf^l  fomiors    )   Length  . 
for  choking  cap?*.      J   Diameter 


Widtii  at  lower  cn«l.'     ♦>.»*.••      /i.lT 
Thicknes." j     {).\^.     U.l."     ' 

I 

■    10.  (M»  10.  o< 

4.:i'»     :t.:i< 


m. 
C 


'J. 


«     • 
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Dimttuimu  of  Carlridpt  Bag*  for  Siegt  and  Oarritom  AmmuKilioK. 


Bc™. 

"— 

—  1 

9 

1 

f 

f 

1 

1 

A 

ii 

BnCout. 

l-bMVIBriWW<l(T....  lb* 

ni'>IMbr<rfehuilHT....j 
>l«n-l.rnft«l.Wp..... 

10.00 
Ib. 
7,M 

DM 
lO.W 

11. W 
» 

1.40 

!:S 

8.M 
IS.OO 

8.00 

Id. 

i.« 

B.T^ 
IR« 

It  00 

18 

l.Tl 

4U 
14 

10.00 

Ib. 

B.OO 
tt  00 
t  U) 

0« 
M 

11.01 

<4I> 

O.f 
10. » 

».« 

H.ai 

10 

4.00 
I.. 

441 

s.ut 

l.M) 

4«i 

11  oo 
Ib. 

1.00 

l.AOi 
«,« 

,!:S 

10.16 
18.00 
11.00 

11 

1.00 
4.44 

'!:« 

laoo 
1.00 

•» 

Wkul'IfBKIbttfbNCnt. 
UBftb  a(culild|>  flllxL 

DimettMiotu  of  SaboUfor  Sirgt  and  Oarriton  Ammunition, 


' 

..«.„,..««,™. 

"' 

OOLimslAM 

41      n 

" 

It 

!>. 

0.T5 

4.M 
tl.OO 

Id. 
l.W 

t.M 

n.4a 

le-bL 
1.00 

11 

4.M 

S-lB. 

lo. 

1.00 
t.n 

4, IS 
1.00 

a.«a 

O.TS 

n.u 

II 

i.no 

4.M 
1.00 

»oo 

t-ii 

1:5 

i!na 
a.w 

L...... 

!■.       Id. 
11    i  « 

I.U 

i-^:-:;  :■" 

L.  _  1  WWUi 

|»~'*(L<i«Ul 

on  1  0.00 

it:m 

DimfMiont  of  ^inrk  CanitUr  Sabott. 


«<o. 

-1- 

a. on 

7.S5 
fl.40 
7.B> 
D.la 

4.n8 

7.83 

7. (to 
0.7S 

triaim'tvr  nfctllnilrrfurthc  tio 

IUIbM               "                ■'      

SimeTitiont  of  jSofiort,  Field  6uni,  and  Howitztrt. 


-"■"■•"— 

■S-- 

t-ra%. 

^S^lL 

-1*-!^^ 

Vt-n*. 

BOWITID. 

1' 

1 

i 

i 

i 

i 

»' 

1 

<3 

1 

1 

S 

In. 
l.DA 

*.1B 

l.CO 

».M 
0.40 

In 
I.IS 

IlL 

8.KI 

i.og 

l.BO 

8:53 
S.M 

In. 

4.0) 

O.TB 

1.40 

2!40 

4,« 
l.W 

S.M 

4.46 

a.-a 

la. 
i.M 

s.w 

4:41 

o.w 

_ 

DlimcUir  or  tiauoin  of  ODD- 

HelghUtfoonlcili;^',... 
IiliDiiUtitbonoRior»- 

C.Tllrftrl*ll-jlt3llii«"o 

Hflfhl  oTnllndntWUn.. 

Ulslsiiw  fr..in   middls  o 
loiter  giooTB  tobotlonlof 

Dt.uii«  between  «aUa 

Dhui^betweeDb^elibr 

UnitthofeordlbrliikndloB 

ia,«« 

iJi'metut'ofis  of  Faze  Plugs, 


.^^..^ 

ForSi-pdr. 

ipberlal 

1! 

\ 

E.Unordi.«.t,r.    J  :1 'j.t^™. !  I ! 
Interior  dian,«ter.     j  f, 't*:';^^  ; ;  ; 

1.25 
l.USS 

0.426 
1.60 

In. 
0.S6 
0.76 

0.60 
0.JS26 

I.B5 

(Ei'eriortapCTaUin, 
J  Interior  toper  0.06  io. 
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Charges  for  Field  Shells. 


t 


To  fill  the  diell 

Toburtt  "         

To  blow  oat  the  fuze  plug. . 
For  service  charge 


Powder 
required 


8S-PDt. 

24-PDB. 

IS-PDB. 

Ibcox. 

IU.OK. 

\\f,  Ol. 

1     6 

1     0 

0     8 

0  11 

0     8 

0     5 

0     2 

0     2 

0     1 

1     0 

0  12 

0    7 

Rifle  or  musket  \ 
powder  is  used 
in    prefeceoce 

to  CADDOO. 


Charges  for  Spherical  Case  Shot, 


CBAIOI. 

8in. 

42 

82 

24 

18 

12 

6 

38 
2.6 
5.6 

Number  of  musket  balls. 

Bursting  charge  of  powder,  .oz. 
Weight  of  shot  loaded lbs. 

486 

15 

69.5 

806 

9 

89. 0() 

226 

8 

30.13 

175 

6 

22.76 

120 

6 

16.80 

78 

4.6 

11.00 

Dimensions  of  Canisters. 


DIMB3ISIOSI8  or  CAlllSTBt8. 


li^ngth  of  tin  for  cylinder  (developed).. .  • . 

{  Height  of        ditto 

Interior  diameter  of  cylinder. 

IHameter  of  plat^ii  for  botUim  and  cover. . . 

Thicknees  of  bottom  plate. 

Tliickness  of  sheet-iron  cover. 

Height  of  finislied  canister,  including  sabot. 


XumKer  of  tiers  of  shot 

Nunil>er  of  shot  in  each  of  8  lot 

Number  of  shot  in  4th  tier 

Whole  numbvr  of  shot 


rer  tiers. 


Weight  of  finished  canister. 


roa  ouMa. 

12 

6 

In. 

In. 

14.40 

11.60 

6.65 

6.40 

4.45 

8.68 

4.4<» 

3.48 

0.25 

0.25 

0.07 

0.(r7 

8.00 

6.75 

4 

4 

7 

7 

6 

6 

27 

27 

LML 

LBS 

\4,S0 

7. 32 

1 
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Dimensions  and  Weights  of  Fixed  Ammunition. 


DDflNSIONS. 


blocks  for  82  and  24-pdr.  f  g^j,  ^ 
howitzers. J  ^ 

Height  of  strapped  shot  or  shell. . 

Height  of  canister  with  sabot. . . . 

r  Shot 

Height  of  a  round  of  fixed  ^ 
ammuuition,  with  cap. . 


Shell 

Spherical  case. 
CaDiater 


WXIOBTS. 

Cartridge,  inclading  car-  j  Large  charge. . . 

tridge  block. (Small  charge . . . 

Shot,  strapped. 

Shell,  strapped  and  charged 

Spherical  case,  strapped  and  charged 

Canister  with  eabot 

Shot.... 

Shell,  with  small  charge 

Spherical  case 

Canister 


Round  of  ammu- 
nition,  complete  " 


u 


FOE  GUN8. 


12 


In. 
6.00 

4.00 

6.02 

8.00 

10.40 

9.60 
12.40 

LBS. 

2.66 

2.06 

12.76 

11.43 
14.80 
15.40 

13.50 
16.91 


6 


In. 
4.00 

8.26 

4.18 
6.76 
8. 43 

7.80 
10.30 


1.30 
1.05 
6.28 

6.76 
7.32 
7.60 

6.82 
8.40 


FOB  Bowmxnu 


82 


In. 


7.40 

7.40 

7.14 
10.60 


3.88 
3.10 

24.60 
31.00 
28.60 

27.70 
34.10 
31.60 


24 


In. 
6.90 

6.40 

6.68 
9.66 


12 


I 


la. 

8.25 

6.4S 
8.75 


lO.OOj 

10.0< 

12.80) 


2.70 
2.34 

18.80 
23.00 
21.25 

21.15 
25.34 
23.60 


1.05, 

9.85 
11.80 
10.80 

10.50 
12.5i« 
11.85 


Charges /or  Shells  for  Columhiads  and  Heavy  Guns. 


cuAEoa  or  powdbb. 


To  fill  tho  shell 

To  burst  the  shell 

To  blow  out  the  fuze  plug. 
For  ordinary  service 


COLrXBIADS. 

orys. 

10-in. 

8-in. 

48 

88 

24 

IS 

12 

Lbs.  oz. 

8       4 

1        6 
0     10 
8       0 

Lbe.  oz. 

1     12 
1       0 

0  8 

1  8 

Lbs.  oz. 

1       8 
0      12 

0  6 

1  4 

Lb&  oz. 

1       5 
0      11 

0  2 

1  0 

Lbs    oz 

1        0 
0       8 
0       2 
0      12 

Lb&  oz 

0      11 
0       7 
0        1* 
0      10 

Lbs.  oz. 

0        8 
0        5 
0        1 
0        T 
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Fuzet  for  Mortar  Shells. 


DociNiiom  AXD  wnoHn. 


)  at  upper  end 

Diameter  of  foxe.  >  at  lower  end  of  first  cone 

)  lower  end  of  fuxe 

DUtneurofeup.l'JlJ'^P^;;;;;;-;;;;;;;;;;;;; 

Diameter  of  the  bore 

Length  of  first  eono 

Depth  of  the  cop 

Thickness  of  wood  at  the  bottom  of  the  fuxe 

Length  of  composition 

Whole  length  of  foxe. 

Kh  oilu  drIS  ( •«'-'-  »'*•  •"»<••«• i 

Diameter  of  diifts 

Weight  of  composition  for  100  foxes 

Weight  of  100  foxei^  compete 


18-uf. 


IV. 

1.86 
1.66 
1.26 

1.26 
0.90 
0.40 
2.80 
0.60 
1.20 
9.00 
10.80 
9.00 
4.60 
0.86 


8 
64 


lO-DI. 


1.70 
1.66 
1.00 

1.00 
0.80 
O.SO 
2.26 
0.60 
0.90 
8.00 
9.40 
8.00 
4.00 
0.27 


4 
88 


8-IN. 


1.26 
1.16 
0.90 

0.76 
0.60 
0.80 
1.26 
0.40 
0.90 
6.00 
6.80 
8.00 
4.00 
0.27 


2i 
18 


Compoiitum  for  If  or  tar  Fuzes, 


No. 

1 

NitM. 

Solplmr. 

lleslod 
powder. 

Time  of 
iHinilDf  1 

■ 

1   1 
•  • .  • . 

i 
-  2 

1 

3.  •  • . 

% 

1 
1 

3 

n 
1 

8.8sec. 

6.0sec 
2.2see. 

(  For  10-inch  and  8-inch  mortars, 

1      light 

j  For  13-inch  and  10  inch  mortars, 

J      heary. 

For  8-inch  howitaer*. 

Composition  for  Paper  Fuzes  for  the  Field  Service. 


Moslod 
powder. 

Sulphur. 

Time  iif  bnrulog 

llDCh. 

Color  of  FuM. 

1 

1 

8 
8 
8 

0.00 
8.00 
3.60 
4.<X) 

2  seconds, 

3 

4 

6 

Black. 
Red. 
Green. 
Yelbw. 

2 

8 

4 
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Composition  for  Paper  Fuzes  for  Heavy  GunSy  Howitzers^  and  Columhiads, 


No. 

Nitre. 

• 

Snlphor. 

Mealed 
powder. 

Time  of 

burning  for 

1  inch. 

1  •  •  •  • 

26 

9 

U 

10  sec 

A.  •  •  • 

26 

9 

12 

14  sec. 

8. .  • . 

26 

9 

10 

20  sec. 

Portfire  Composition, 

The  English  use  ....  Nitre 60  parts. 

Sulphur 40      " 

Mealed  Powder 20     " 

The  French  use  several  kind»,  one  of  which  is 

Nitre 16  parts. 

Sulphur 7      " 

Mealed  Powder 6      " 


Sheet  Metals  and  Wire. 

Sheet  metals  and  metallic  wires  are  designated  by  ^^os,  correspond- 
ing with  the  thickness,  as  indicated  by  the  ordinary  iron-wire  gauge. 
These  gauges  do  not  exactly  agree  with  each  other,  but  the  following  table 
shows  very  nearly  the  thickness  corresponding  with  the  several  Nos. 


No. 

Thickness. 

No. 

Thickness. 

No. 

Thickness. 

1     No. 

Thlckncsft. 

IN. 

IN. 

IN. 

1 

IX. 

1 

0.313 

9 

0.161 

17 

0.057 

26 

0.023 

2 

.292 

10 

.143 

18 

.052 

26 

.020 

3 

.271 

11 

.126 

19 

.047 

27 

.018 

4 

.250 

12 

.113 

20 

.042 

28 

.016 

6 

.233 

13 

.KM) 

21 

.037 

29 

.014 

6 

.216 

14 

.088 

22 

.031 

SO 

.012 

7 

.200 

15 

.075 

23 

.028 

8 

.180 

16 

.063 

24 

.025 
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Making  Cartridges  for  Small  Arms, 


DtlCKXtlO^ra  OF  PAPBB  FOB  CABTUDOI 


Mc»KtT.    •< 


8inicl«  b«11,  or  b«U  «nd  burk- 

thot 

Blank 

12  buck»bot 


PllTOL.  . 


Eall.. 
Blaok. 


•UERl. 


e 


IN. 

16.6 
20.0 
16.6 
16.6 
20.0 
16.5 
20.0 


1 


m. 

18 
15 
18 
18 
15 
13 
15 


TBAPBXOIM. 


IN. 

4.88 
AM) 
5.60 
4.00 
8.00 
2.75 
2.60 


4 

-a 

J 


IN. 

6.25 
4.75 
6.00 
4.26 
4.25 
4.26 
4.26 


I 


IN. 

8.00 
2.75 
8.00 
2.26 
2.25 
2.26 
2.26 


Is 


12 
20 
9 
16 
30 
24 
86 


Table  of  Dimen$ions  for  Forfner$  for  making  Cartridges  with  elongated 
expanding  balls.  (The  dimensions  are  referred  to  the  plate  by  means  of 
the  letters  placed  opposite  to  them,) 


1 

AlUrtd 

Now  B16« 
moakoL 

Pt«tol 
earbloo. 

0 

iBebec 

Inehec 

Ineben 

a 
d 

I     c 

1 

8.60 
2.50 
6.26 

8.60 
2.25 
4.26 

8.60 
2.25 
4.26 

>  OuUr  wrapper. 

il  ' 

1.10 
2.75 

1.00 
2. 00 

0.80 
2.00 

J-  Cyliodrr  ease. 

/ 
i 

1.60 
2.76 
8.76 

1.80 
2.20 
8.00 

1.10 
2.20 
8.00 

>  Cjlinder  wrapper. 
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Hanpes  of  Field  Gum  and  HowitzerM, 

The  range  of  a  shot  or  shell  in  this  table  is  the  first  ^raze  of  the  UI 
OD  horizontal  ground,  the  piece  being  mounted  on  its  appropriate  ficti 
carriage. 

The  range  of  a  spherical  case  shot  is  the  distance  at  which  the  ihol 
bursts  near  the  ground,  in  the  time  given  ;  thus  showing  the  elevation  aad 
the  length  of  fuze  required  for  certain  distances. 


XniD  or  OftDRAHOX. 

Powder. 

Ball 

£]«TatioiL 

RftBfe. 

LBS. 

•     « 

TAKM. 

• 

d-PDR.   FIELD  OUN. 

1.26 

Shot 

0  00 

818 

«( 

1  00 

«74 

(( 

2  00 

867 

II 

8  00 

1188 

M 

4  00 

1256 

<< 

6  00 

1523 

1.00 

Sph.  case 

2  00 

1 
650 

Time  of  flif^lit  2  •*••* 

shot 

2  80 

840 

-              ..       jj     - 

<i 

8  00 

1050 

^                                     •*                  A             m 

12-PDB.  ViKLD  GUX. 

2.50 

Shot 

1 
0  00 

347 

** 

1   00 

662 

«i 

1   30 

785 

<« 

2  00 

9oy 

<( 

3  00 

'  I2cy 

«t 

4  00 

1455 

4( 

6  00 

1663 

1.50 

S|)h.ca»«. 

1   00 

670 

Time  2  sooond^ 

t( 

1   45     1 

950 

..     3 

tt 

2  80     ■ 

! 

1250 

••     ^        •• 

APPENDIX. 


41 


JUmffM  nf  Fitld  Ommt  and  IfottiUeri. — Continued. 


I 


99M    12  FML   OtH. 


I 


i 
I 

l: 


t.50 


s.oo 


81ioi 


8ML 


s.to 


IS  r»a.  ruL»  aovnitm. 


1.00 


0  7ft 


JH*. 


#11 


"V«^ 


KtovttUtts.    iMf*- 


O 
1 
1 
t 

s 
a 
s 


so 

00 

») 

liO 

••> 

7A 


9  U 
1  U 


• 

t 

0  00 

1 

<H| 

1 

») 

9 

lai 

S 

lai 

4 

IHI 

A  «iO 

TAftML 

7M 

H7« 
IS»I 

un 

UI9 


t  w 

t 

HI 

s 

00 

B 

7» 

7117 

]i«7* 
in  JO 


'<     * 


am 

&74 

•aa 

lai 

Mil 

iiaa 


1 

O  <iO 

Its 

1  ««» 

u* 

a  (Ri 

MO 

a  «■> 

,      M7   j 

4  tPi 

»Ti 

a  uu 

i</7a 

UHA 


4as  "niM  a 
:ia      -   a 

Iu5u 


C«mW  orrr. 
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APPENDIX. 


Hanpes  of  Field  Gum  and  Howitzers, 

The  range  of  a  shot  or  shell  in  this  table  is  the  first  graze  of  the  ball 
CD  horizontal  ground,  the  piece  being  mounted  on  its  appropriate  field 
carriage. 

The  range  of  a  spherical  case  shot  is  the  distance  at  which  the  shot 
bursts  near  the  ground,  in  the  time  given  ;  thus  showing  the  elevation  and 
the  length  of  fuze  required  for  certain  distances. 


XniD  or  OftDXAHOX. 

Powder. 

BftlL 

Elovation. 

Range. 

XSaCAKKS. 

LBS. 

•     0 

YARDS. 

• 

6-PDR.   FIKLD  OUN. 

1.25 

Shot 

l( 

M 
(( 

0  00 

1  00 

2  00 
8  00 

4  00 

5  00 

818 

674 

867 

1188 

1256 

1528 

1.00 

Sph.  case 

2  00 

650 

Time  of  flight  2  sees. 

shot. 

2  80 

840 

M                            **             O          •» 

(4 

8  00 

1050 

tt                     tt          A        t* 

12-PDB,  ViBLD  GUN. 

2.50 

Shot 

tt 
tt 
tt 
*< 

0  00 

1  00 

1  80 

2  00 
8  00 

4  00 

5  00 

847 

662 

785 

909 

1269 

1455 

1668 

1 

1.50 

Sph.  case. 

1  00 

670 

Time  2  secoDda. 

t< 

1  45 

950 

••    8       " 

tt 

2  80 

1250 

««    4      «« 

APPENDIX. 
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RangtB  of  Field  Gun$  and  ffowiUers, — Continued. 


man>  or  obpvavcb. 

Powitor. 

B«ll. 

El«rattoo. 

BftDf*. 

BSHAIK& 

UM. 

•      r 

TABM. 

KIW   llrML,   OCX. 

2.60 

Shot 

0  00 

826 

«i 

1  00 

616 

i( 

1  80 

784 

•1 

2  00 

876 

•« 

8  00 

1201 

•• 

4  00 

1822 

«4 

6  00 

1619 

2.00 

Shell 

%  00 

787 

«4 

2  80 

92C 

«• 

8  00 

](f79 

M 

8  76 

1800 

2.60 

Sph.cftM. 

0  80 

804 

«< 

1  00 

674 

•< 

1  80 

688 

M 

2  00 

781 

M 

8  00 

960 

•« 

8  80 

1080 

•• 

8  76 

1186 

ISroa.  fUBLD  HownzKB. 

1.00 

Shell 

0  00 

196 

•• 

1  00 

689 

M 

2  00 

640 

•  < 

8  (M) 

847 

«• 

4  00 

976 

(1 

6  00 

1072 

0.76 

SpKcMe. 

2  16 

486 

Time  2  teeoodii 

•• 

8  16 

716 

•«    3      •• 

i 

M 

8  46 

1060 

4<         ^             M 

Carried  ovtr. 
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Ranges  of  Field  Guns  and  Howitzers. — Continued. 


KIND  OF  OBONAHOB. 

Powder. 

Ball. 

EloTAtion 

Bangs. 

« 

LBa. 

o       / 

YA&DS. 

24-PDR.  HELD  nowrrzcR. 

2.00 

Shell 

0  00 

296 

I* 

1  00 

616 

« 

2  00 

793 

«« 

8  00 

976 

i< 

4  00 

1272 

« 

• 

6  00 

1822 

1.T5 

Sph.caee. 

2  00 

600 

Time  2  seconds. 

(( 

8  00 

800 

•«     8       •* 

« 

6  80 

1060 

**        A            '* 

2.00 

(« 

8  80 

880 

«<     3       i< 

82-FDB.  FIELD  UOWITZEB. 

2.60 

Shell 

0  00 

290 

(« 

1  00 

631 

M 

2  00 

779 

II 

8  00 

1029 

<« 

4  00 

1203 

W 

6  00 

1604 

2.60 

Sph.case. 

8  00 

800 

Time  2.76  seconda. 

Ranges  of  Mountain  Howitzer, 


Charge. 

Ball. 

Eleyation. 

Bange. 

BKMABXa. 

LBS. 

o        / 

T.\RD8. 

0.6 

Shell 

0  00 

170 

ti 

1  CK) 

300 

u 

2  00 

392 

11 

2  30 

600 

Time  2  seconda. 

11 

3  00 

637 

11 

4  00 

785 

Time  8  seconds. 

It 

6  00 

101)6 

0.6 

Sph.  cose 

0  00 

160 

i< 

2  80 

450 

Time  2  seconda. 

II 

8  00 

600 

i( 

4  00 

700 

Time  2.7  seconds. 

<i 

4  30 

800 

Time  3  seconds. 

0.5 

Cauister 

4'*  to  6** 

250 

Bangtt  of  Htavy  Ordnanet. 

The  mffe  otmgan  or  howiUer  in  this  table  is  the  first  graze  of  the 
ball  on  the  horixontaJ  plane  on  which  the  carriage  stands. 


™oro»,.K« 

Pi«rt.r 

Bolt 

ElinUuB 

Buft. 

On  Wb<U«  carriage 

4. BO 

Shot 

I  00 

a  00 

S  00 
*  00 
A  00 

Ml 
»W 

tta« 

IWU 
1598 

■Urot.  tiiaK  AND  (ua 
On  litgg  caniagc 

a.oo 
8.0O 

Sh 

0  on 

1  00 
1   10 

3  IKl 
S  'XI 

4  m 
a  00 

1    IK> 

a  00 

8  00 
4  00 
b  00 

412 
B41 

11*7 
UI7 

ia«e 

I»OI 

m 
mo 

UM 
IGKB 
ISM 

Un  Urbott*  eairiage 

«.00 
8.(« 

10, « 

Shot 

1   4S 
1  00 
1   Hi) 
1   HS 

a  00 

S  00 

4  00 

1   00 

5  00 
1  00 

l>0O 

iia 

»00 
1100 
U33 

7»0 
11U 
IMT 

41-PI'l.   (lA-COUT   OCX. 

Un  barb«tt«  carriage. 

10. SO 
14.00 

Shot 

1   00 
1   IW 
S  M 
400 

0  00 

1  00 

1 1«> 

K  (Nt 
4  0.. 
B  00 

lolO 

mm 

170 
1U8 
US'! 
IMT 

laiB 

APPENDIX. 
ianfftt  of  Heavy  Ordtnanix. — Continned. 


„„0.  .„.„.. 

Powder. 

Bull. 

EleTBUon. 

Cnge. 

— 

u>^ 

Shell 

YA.D.. 

8mca  BiKOK  aowrrzEE. 

4.00 

i6lb». 

0  00 

2S1 

On  Urge  carriage 

■     ", 

1  W 

2  01) 

5  00 

i  00 

6  on 

12  80 

436 

61B 
720 

1241 

£2B0 

Shell 

a-atB   BIA  OOABT   HOWH- 

4.00 

4Clba. 

1  00 

S  00 

40B 

est 

Oa  barbette  carriage. 

'•; 

3  00 

4  00 

5  00 

879 
1110 
1300 

6.00 

;; 

1   00 
S  00 

3  00 

4  00 

G  00 

578 

sts 

»47 
1168 
1463 

8.00 

I 

1  00 

a  00 

3  00 

4  00 

US 
809 
1190 
1633 

" 

5  00 

1800 

Shell 

IS. 00 

»iib«. 

1  00 

EBO 

%  00 

891 

riine,flightl.OOaM. 

:; 

3  no 

3  so 

I1S5 
1300 

•■      4.00  " 

4  00 

MM 

"     8. as  •' 

S  00 

1660 

"         ■■      fl.OO  ■* 

Shot 

S  IM-B  ivirHntn. 

lii.lXl 

Ulba. 

1  00 

933 

AxU  of  gaa    16  feet 
■bore  Uie  water. 

i>n  UrbOW  «arTiaf  f. 

9  00 

lll« 

S  00 

1401 

leos 

1847 

fi  00 

i»10 

S  0.1 

2397 

Shot  eeued  to  rleo- 

10  00 

28*4 

ehet  on  the  water. 

13  00 

33M 

': 

25  0.1 
K  00 

4X23 
4S75 
4481 

1 

li.if 

n  n 

4811 

^^^^^^^^^v 
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ndn 

ML 

lL-l*nU«L 

E*<w*. 

L-. 

t)h*ll 

TtaiMt. 

g-i«ea  «>ii:ii«U»— Con 

lO.lHI 

wlb^ 

Wis 

tni^ 

15.0.J 

>  on 

8  on 

S  00 

la  iKi 
3^  00 

M  SO 

l!(JS 
140» 

1M7 

IHIS 

E 

S718 

4»(n 

4171 

44II8 

Xa-vnoa  (ni.cinnjLD. 

18. on 

Shot 

0  00 

SO* 

Alitor  ^n  IS  fe«l 

On  barbtlu  cwniig*. 

IMIU. 

8  DO 

1  oa 

4  "0 

lOOi 

laao 

1B70 
UI4 

Kbotv  ih*  «kUr. 

1 

fi  00 

*Mn 

Ahol  CMXJ  to  ri«>- 

8  <)0 

am 

(Art  oa  «M«f. 

■ 

" 

10  00 
IS  00 

■£7V 

saea 

^^1 

1 

\ 

20   DD 

au  00 

)»  00 

4010 
4804 

4iei 

MU 

I 

■ 

«).00 

" 

ID  la 

a«A4 

■ 

■ 

11. (N. 

Khull 

1  0» 

»<>0 

1 

100  lU 

3  110 
1  oil 

4  00 

101 J 
1194 
1448 

■ 

1    " 

G  00 

1804 

I8.0f|        " 

■1  w 

44B 

1  00 

747 

■ 

;; 

1  00 

ll»0 

^1 

4  liO 

1411 

a  00 

■  BBS 

fl  00 

!»>» 

MM 

;  !<■  Ki 

«MI 

;  s«.. 

'     1  :'■  n'!! 

!  u" 

h 

1  '.". .... 

'-.  ^rfllghHSm 

1 

J 

- 

J 
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Ranges  of  Heavy  Ordnance, — ContinuecL 


K1HD  or  OXDRAVCK. 

Powder. 

Ball. 

ElevatloD. 

Range. 

LBS. 

Sbell 

o       t 

YARDS. 

12-INCB  OOLUIIBIAD. 

iO.OO 

172  lb«. 

10 

2770 

Time  of  flight  11  sec 

•c 

15 

8781 

"      16    - 

•< 

22 

4280 

"             "      20    - 

« 

25 

4718 

tt            u      26    " 

<« 

80 

5004 

tt 

85 

5889 

"             «      32    " 

M 

87 

5266 

•*             •«      81    " 

<« 

89 

5064 

25.00 

C< 

10 

2881 

«    11.6  " 

« 

15 

8542 

•«             <«      j5    tt 

« 

80 

5102 

u 

86 

5409 

"            "      82    " 

tt 

87 

5878 

u            *«      82    " 

It 

89 

5506 

"             *«      86    " 

« 

Shell 

85 

5644 

180  lbs. 

89 

5dl5 

28.00 

M 

85 

5671 

■ 

M 

89 

5761 

8i-  miles.  Time  86  sec 

8heU 

IS-Cf.  BKA-OOAST  XOBTAB. 

20.00 

200  lbs. 

45 

4325 

Shell 

12lN.  8EA-COA8T  MORTAB. 

20.00 

200  lbs. 

45 

4625 

KxperimeDtal. 

Shell 

10  IN.  SEA-COAST  MORTAR. 

10.00 

98  lbs. 

45 

4250 

Time  of  flight  86  sec 

10- INCH   SIEGE   MORTAR. 

1.00 

Shell 

45 

800 

Time  offlight  6.5  sec 

1.60 

90  lbs. 

45 

700 

tt             tt      j2     *♦ 

2.00 

(4 

45 

1000 

tt             tt      j^     (( 

2,60 

tt 

46 

1300 

"              •*       16     *• 

8.00 

It 

45 

1600 

"             "       18     " 

8.50 

M 

45 

1800 

tt             "19     •* 

4.00 

M 

45 

2100 

tt             u       21     *• 

ibs.  oz. 

Shell 

8-INCn   8TEGB   MORTAR. 

0  10| 

46  lbs. 

45 

500 

Timcof  flight  lOs^. 

(From   Griffith's  Artil- 

13} 

(( 

45 

600 

M                          **              1  1          ** 

lerist's  Manual.) 

1 

tt 

45 

750 

««                 tt         \9X    ** 

1  02 

tt 

45 

900 

M          J3       a 

1  03i 

tt 

45 

1000 

tt      13^  u 

1  04f 

tt 

45 

1100 

tt              "14     " 

1  06 

tt 

45 

1200 

M             14^     U 
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Ranges  of  Heavy  Ordnance. — Continued. 


KIVB  or  OBMrAVOB. 

Powder. 

B«1U 

ElATatlon 

lUofe. 

BRMAKU. 

01. 

Shell 

e      t 

TAEDt 

24-rouiiDn  conoiN 

0.50 

nlbn 

45 

25 

MOtTAI. 

1.00 

t< 

45 

68 

1.50 

«t 

45 

104 

1 

1.75 

M 

45 

143 

I 

2.00 

«• 

45 

165 

2.75 

<« 

45 

260 

, 

4.(K) 

*< 

45 

422 

6.00 

<• 

45 

91 K) 

1 

1 

8. 00 

M 

45 

1200 

Ranges  of  Hale's  War  Rockets, 


BLKTATIOV. 

EA9I0B  (mST  OKAZI.) 

REMARX& 

t^lach. 

ShtoelL 

4*U)5' 

lo- 

15* 

47* 

Tarda 

500  to  600 

700 

800  to  900 
1200 
1760 

Tarda 

500  to    600 

800  to  1000 

l(MH)  to  12U0 

12O0  to  1400 

22(K) 

Th«  rockets  were  fired  from  a  trough 
10  feet  long. 

Weight  of  2i-inch  rocket. ...  6  Iba 
Scinch      "     ....16  1U«. 

Initial  Velocities  of  Cannon  Balls* 
From  ezperimenta  made  with  the  l>a11i*tic  pendalam,  at  Waahington  AraenaL 


1 

1 

SKID  or  ordxask:^ 

1 

FBOlBCnLK 

Cbarf* 

or 

Povder. 

Initial 
Volodtj. 

KUmL 

W«lfht 

1 
1 

.  6r»4lr.  field  gun 

Shot 

Lba 
6.15] 

1 
Lba 

1.25 
1.60     , 
2.«M»     1 

Foct 

1439 
1663 
1741 

1      "                * 

Sph.  caae 

CanUter 

6.50 
6.80 

l.W 
1.00 

1     1857 
:     1230 

1                                                                                                                                                                                         f 

\  l2-pdr.  field  gtm 

Shot 

12.8o| 

2.60 
3.410 
4.<N> 

1486 
1&V7 
1M26 

Sph.  caM 

Canuter 

11.00 
13.50 

2.<»0 
2.<N) 

1392 
1262 
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Initial  Velocities — Continued. 


KIND  OF  ORDNANCE. 

PBOJKCTILK. 

Cbarm 

of 
Powdei. 

Initfftl 
Yeludtj. 

Kind. 

Weight 

12-pdr.  field  howitzer - 

Shell 

Lbs. 
8.90 

Lba. 

1.00 
1.25 

Feet 

1054 
1178 

Sph.  case 

Canister 

11.00 
9.64 

1.00 
1.00 

953 
1015 

12-pdr.  siege  and  garrison 
gun ' 

Shot 

12.80 1 

2.00 
3.00 
4.00 

1878 
1674 
1906 

Shell 

1 

8.90- 

2.00 
8.00 

1611 
1929 

12-pdr.  gun,  25  cal.  long 

Shot 

12.80- 

2.00 
8.00 
4.00 
5.00 
6.00 
7.00 
8.00 

1411 
1784 
1988 
2098 
2289 
2300 
2324 

1 

24-pdr.  siege   and   garrison 
gun ' 

Shot 

24.25' 

8.00 
4.00 
6.00 
8.00 

1240 
1440 

1680 
1870 

Shell 

17.00| 

8.00 
4.00 

1470 
1670 

Canister 

29.00J 

3.00 
4.00 

1185 
1303 

Grape 

30.60 j 

8.00 
4.00 

1108 
1272 

r 

32-pdr.  sea-coast  gun * 

Shot 

32.30' 

4.00 

5.33 

8.00 

10.67 

1250 
1430 
1640 
1780 

Shell 

23.40 1 

4.00 
5.83 

1450 
1657 

Canister 

37.00 1 

4.00 
5.33 

1172 
1342 

1133 
1297 

Grape 

39.75 j 

4.00 
5.33 

^^^^^^^^                                                       ^^H 

^H                   Jiulial  Vtloeitit*  of  Elon^Ud  £rpaiulinff  Built,                            ^^^| 

^m 

i 

i 

ElulttSn. 

H 

■a 

i 

It 

II 

1 

I>«Ui,«(i. 

n 

0«. 

On. 

InchM. 

f«L 

I 

Altered  n«n«T-. 

*> 

610 

79,00 

8     4S 

B!A 

1 

r«fiy  riie,  18S8. 

no 

BIO 

78.76 

B     10 

890 

a 

«0 

MO 

78.50 

a    i« 

981 

4 

flO 

7».7fl 

8      14 

> 

SIO 

19.00 

0     X8 

981 

July  11,  18BS. 

• 

CIO 

78.74 

8     to 

920 

7 

"    !: 

ft*. 

aio 

7»,00 
78.87 

8    it 
6  n 

9Sa 
9S9 

^ 

« 

" 

so 

810 

79.00     a    « 

9se 

^1 

Uotn  vtloeity  or  itti.  per  uteoai  .... 

914 

V 

(Ml 

810 

80.00 

a   00 

888 

1«M. 

ao 
On 

SIO 
filO 

18.87 

e    se 

9    4! 

981 

910 

«» 

eio 

79!li 

8    43 

9tt 

■      ."! 

60 

6IO 

79.011 

8     49 
6     49 

9S1) 
989 

■  JBly  M, 

to 

filo 

79.00 

8     SX 

948 

m 

SIO 

s    4a 

910 

)') 

BIO 

«     8^ 

994 

lb 

■ 

OU 

BtO 

79.00 

«     80 

989 

Umh  T<l(Mlty 

MS 

T 

10 

7M 

1».» 

8      B 

»» 

July  II. 

lUiHf^  r«ij.  i(«^ 

« 

10 

740 

79.88 

9     00 

901 

Jul;  It. 

> 

70 

740 

79.58 

H     44 

<78 

JdIj  11. 

• 

TO 

740 

79.18 

8     El 

884 

July  81;  funeooL 

' 

71) 

740 

79.80 

8     88 

880 

1  < 

70 

740 

79.00 

6    4S 

878 

July  ». 

ki-i 

70 

740 

79.00 

9     18 

917 

JulyM. 

■ 

F 

- 

7'l 

740 

19.00 

9    M 

94S 

J»lyM. 

■ 

1                        MMa  Tdo«il] 

»8« 

1 

10 

140 

TO  .IS 

S    IT 

ns 

SfrtWbU.I«4 

■ 

7(1 

740 

T9.01I 

9     18 

881 

:   :; 

7.1 
70 

140 

7*<l 

79,00 
79  61 

79. W 

a     41   '  870 
8     88      9110 
8     88      891 

July  11. 

III 

1*0 

79.UU 

9     10     9U 

1 

" 

70 

7*0 

1».00 

9    iM     91* 

Hrairdodl 

s 

, 

1 

■ 

m^ 


■SS  - "«- 
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AnlVBQL 


ImiHal  VeheUief^ — Contimted* 


I 


KiBd  OfOllB. 


8 

• 

.9 
10 
11 
12 


Smoofli-lMnd  par- 
enadon  moaktt 


1 

% 

8 

4 
6 
6 

7 
8 


9 
10 


<« 

« 

M 


«« 
«• 


em 

10 

70 
70 
70 
70 


Gn. 

740 

740 
740 
740 
740 


I 


79. 8t 

79.87 
79.60 
79.60 
79.60 


9  88 

9  48 

9  18 

9  88 

9  46 


MMn  Telodty. 


949* 

989 
9S» 
961 
971 


964 


J^r  Si 


Pifllol-cMrbine, 
1866. 


«« 

M 
«C 
« 
«« 

c< 


« 


« 

M 
M 
M 
•  I 
•< 


*4 
<« 


40 

40 
40 
40 
40 
40 
40 
40 


40 
40 


Mean  velocity 


468 

79.87 

8 

28 

6U 

468 

78,68 

26 

644 

468 

78.76 

27 

648 

468 

78.87 

46 

698 

468 

78.87 

40 

682 

468 

78.87 

66 

616 

468 

78.76 

28 

706 

468 

79.87 

20 

680 

468 

78.62 

8 

58 

617 

468 

79.00 

3 

61 

610 

603 

Jvljr 


Bmn 
aM^wimm^  a»d  feU  h*  t^ 


July  24. 
July  24. 
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PENETRATIONS. 


TabU  of  penetrations  in  a  target  made  of  seasoned  white  pine  plank  one 
inch  thick,  and  placed  one  and  a  half  inches  apart. 


1 

1                                                                                              • 

Airy. 

Welffbt  of 
UU. 

W<>iKht  ot 
puwdur. 

DlmnMter 
of  ball. 

rimnkt 
penctnted 

1  Diftaoce. 

i   Altered  rifle. 

Oraliu. 

600 
780 
6(»0 
460 

600 
780 
600 
460 

780 
6<Nl 
600 

Onina. 

60 
70 
60 
40 

60 
70 
60 
40 

70 
60 
60 

Inch. 

0.5776 
0.6860 
0.6776 
0.6775 

0.6775 
0.6860 
0.6776 
0.6776 

0.6860 
0.6776 
0.6776 

Number. 

H 
loi 
11 

«» 

Si 

H 

«i 
s 

3 

Si 

TmrdjL 

200 
200 
2<H) 
200 

600 
600 
600 
600 

1000 
ItHK) 
1000 

.   Altcre<l  musket 

,    New  rifle-mu^ket 

I^Utiil-cArbiue. 

1 

■   Altore<l  rifle 

.    Altereti  miiiiket 

Now  rifle-miiiket. 

Pistol-carbiae. 

Altered  market 

Alter«:d  rifle 

■   New  nfle-musket 

1 

At  l,o<H)  yards  a  ball  from  the  new  rifle-musket  passed  completely  ^rough  the 
frame  of  the  target,  which  was  made  of  solid  white  pine  three  inches  thick. 


Interior  Dimensions  of  Cylindrical  Powder  Measures. 


'          Conteots. 

IHuneter  and  hvifht 

CooCeata 

-3 — rrrr. — ttt 

Diameter  and  belfbt 

Lbc       oa. 

In. 

Lba.       oa. 

la. 

■         0         1 

1.887 

2         0 

4.240 

0        2 

1.685 

2         8 

4.571 

0         4 

2.122 

8         0 

4.867 

1          o         8 

2.673 

4         0 

6.846 

1          0 

8.868 

4         8 

6.660 

1         4 

8.628 

6        0 

6.120            , 

1          1         8 

8.866 

8        0 

6.786 

1 
i" 

50 
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Initial  Velocities. — Continued. 


1 

"S 

Kind  of  OuQ. 

Weight  of 
ball. 

Point  of  im- 
pact 

Vibration  of 
pendolum. 

• 

if 

• 
Date,  Ac. 

Ore. 

Inches. 

o            t 

Feet. 

i 

8 

Smooth-bored  per- 

70 

740 

79.62 

9     88 

949 

Jnly  28 :  gnn  warm,  had 
been  nred  seven  times 
I>revioufl  to  the  c<Nn- 
mencement  of  this  ceries 

• 

9 

cuBsion  mufiket 

TO 

740 

79.87 

9     42 

969 

10 

it                  u 

70 

740 

79.50 

9     18 

928 

of  fires. 

11 

M                     « 

70 

740 

79.50 

9     83 

951 

12 

U                     tt 

70 

740 

79.50 

9     45 

971 

Mean  yelocit} 

r 

954 

1 

Pistol-carbine, 
1856. 

40 

468 

79.87 

8     28 

588 

1 

2 

U                 it 

40 

468 

78.62 

3     25 

544 

8 

«<            II 

40 

468 

78.75 

3     27 

548 

-  July  24. 

4 

II           II 

40" 

468 

78.87 

8     46 

598 

6 

<l           It 

40 

468 

78.37 

8     40 

582 

6 

II          II 

40 

468 

78.87 

8     55 

616 

1 

tt         II 

40 

468 

78.76 

4     28 

706 

8 

f<          II 

40 

468 

79.87 

4     20 

680 

Ball  stniek  wooden  block 
side  wise,  and  fell  to  the 
ground. 

9 

(1                u 

40 

468 

78.62 

3     53 

617 

July  24. 

10 

l(           tt 

40 

468 

79.00 

3     51 

610 

July  24. 

Mean  velociti 

■♦ 

608 

« 

r  •  •  •  •  " 

i 
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PENETRATI0K8. 


TaUe  of  penetrations  in  a  target  made  of  seasoned  white  pine  plank  one 
inch  thick,  and  placed  one  and  a  half  inches  apart. 


AB3C. 


Alur^  rifle. 

Altered  mii^ket . . 
New  nile-mitfket. 
I^tttl-earUoe. ... 


A]trr4-«1  rifle 

A!teri*«l  mu»ket. . 
New  rifle-miuket 
PUtol-earUne.... 


Altered  roo»ket. 


I    Altered  rifle...... 

'  New  nfle-moiket. 


Wciffbt  of 
Uil. 


W«'lKht  ot 
puwder. 


DImmeter 
of  ball. 


Grain*. 

6CH> 
730 

45U 

7«rt 
600 
450 

730 
Aoo 
6<K> 


Onlna.         loch. 


fiO 
70 
60 
40 

60 
70 
60 
40 

70 
60 
60 


0.5775 
0.685O 
0.5775 
0.5775 

0.5775 
0.6850 
0.5775 
0.5775 

0.6R50 
0.5775 
0.5775 


NuDibtir.  i     Yard^ 


9* 
loi 

11 

M 

H 

s 

3 

H 


2<M) 
2O0 
2<N) 

2<J0 

6<H) 
6<N) 
600 
600 

1000 

ItNM) 

lOOO 


At  l.iNMi  yardt  A  ball  from  the  new  rifle-niut*kct  pawod  completely  through  the 
frmiiM  of  the  target,  which  was  made  of  eolid  white  pine  three  iiiche*  thick. 


Ihterior  Dimensions  of  Cylindrical  Poitdcr  Measures. 


Ccounta. 

1 

'  DUmeter  and  h«I^L  ; 

CoDtenU, 

Dlametrr  and  kctf  ht  i 

LU. 

«c 

In. 

LU. 

OS. 

In. 

0 

1.837 

2 

0 

4.S40 

r» 

l.e-iS 

2 

8 

4.871 

h 

^Att 

3 

o 

4.887 

i» 

2.673 

4 

0 

0.S4* 

I 

8.368           .• 

4 

8 

0.MO 

1 

8.6iH 

6 

n 

fl.ltO 

1 

3.855 

8 

0 

""  J 

52 


APPENDIX. 


Composition  for  Filling  Rockets, 


OOXPOSXTIOXB. 

Nitre. 

Salphar. 

CiutrcooL 

Steel  FllingR 

1 

2 
8 

lri-=~  ,    ... 

16 

10 

8 

4 
2 
2 

6 
8 
8 

4 

ij 

Composition  for  Stars. 


ooMPoexnovB. 

Nitre. 

Snlphor. 

Mealed  Powder. 

Antimoof. 

1 
2 
8 

16 
16 
16 

8 
7 
8 

8 

4 
4 

I 
•1.6 

*  With  the  nitre,  produces  a  whitish  flame. 


Composition  for  Serpents, 


ooMPOSinoirB. 

Nitre. 

Sulphur. 

Mealed  Powder. 

Charcoal. 

Steel  Flllnga.  ! 

1 

8 

2 

16 

i 

2 

16 

4 

2i 

3 

16 

2 

4 

6 

4 

16 

4 

4 

2 

6 

Composition  for  Gold  Rain, 


COMPOBITIOKS 

Nitre. 

Sulphur. 

Mealed 
Powder. 

Charcoal. 

Pnlverired 
Soot. 

German 
Black. 

1 

Diasolred 
Gain. 

1 

8 

16 
16 

10 

8 

8 
6 
8 

4 
2 

i 

2 

2 

* 
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Cm^po^tion  for  Fire  and  Light  Balls. 


won  coMpounoN. 


li 

i 


Rosin 

Pitch 

Mutton  tAllow 

Sniritt  of  turpentine. 

Lanteed  oil 

Gunpowder 

I>rjr  eompomtion. . . . 
Chopped  tow 


Dry  eompoeition,  additional, 


Ileieht  of     (  Before  inverting  the  tarred  link  and  above 
'^  ...        \     the  shell 

com,K«tion.  I  ^^^,^  ^^j^j;^-  ;;;;;;;  ; ; ; ;;  ;;;:;;;.. 


I'Tarredlink.iSff^^''^'^"**^- 


13-in. 


LB8. 

8.00 
4.00 
1.60 
1.00 
1.00 
12.00 
10.00 
1.00 

2.00 

IK. 

1.00 
12.00 

6.60 


iThickneM i  2.00 

I 

'  Size  of  shell  to  be  inserted |  32-pd. 


10-in. 


LB8. 

6.60 
2.76 
1.00 
0.66 
0.66 
8.00 
6.66 
0.66 

1.8S 

IN. 

1.00 
10.00 

6.00 
1.75 

24-pd 


~\ 


84n. 


LBS. 

2.75 
1.26 
0.60 
0.88 
0.33 
4.00 
3.38 
0.38 

0.66 

IN. 

0.50 
8.00 

4.76 
1.50 

12-pd. 


Tlte  dry  composition  consists  of : 

Beeswax 0.66 

Kilre 16.00 

Flowers  of  sulphur 6.00 

Inflsmmable  sawdust 1 .08 

Regulusof  antimony. 2.66 

Gunpowder. \  .*)*) 

Melt  the  beeswax  over  the  fire  and  aild  the  nitre  to  it ;  when  the  mix- 
ture is  about  to  melt,  take  it  off  from  the  fire  and  stir  in  the  snlpliur ; 
then  add  the  sawdust,  the  antimony,  and  la<itly,  the  powder,  and  mix  th>-m 
with  the  hands.     Work  with  great  caution  a^ainHt  tlioir  taking  fire. 

To  prepare  the  inflammabU  sairdujit :  i^iil  the  s'lwduAt  in  a  Holutlon 
of  half  its  weight  of  nitre  diiivjlvof]  in  an  e^^iial  quantity  of  i»attr — crude 
nitre  or  damaged  gunpowder  may  be  a-M-d  for  thi-*  piiryK^nc.  Kvap^»rati*  to 
dr}'nefl>%  stirring  frequently  ;  then  •pread  o-jt  the  "^awdn^t,  to  fn-CMme  p'.-r- 
feetly  dry  before  being  used. 

Kit. 

Compoaition :  9  ro^in,  8  {Mteh,  6  bcttvax^  1  tallow.  T't  fx;  rnflteJ 
together  and  poured  into  wrt«r?  vUl  the  Lands  until  it 

becomes  soft  and  pliable. 


He  occaplca  in  the  raoks  a  front  of  30  in^  and  a  dcptli  of  IS 
the  knapsack ;  the  interval  between  the  ranks  is  13  in.  5  tm 
in  a  space  of  1  square  yard.     Average  weiglit  of  men,  1 50  IIm 

A  man  travels,  without  a  load,  on  level  ground,  during  8^ 
at  the  rate  of  3,7  miles  nn  hour,  or  3lJ  miles  a  day.  Ue  ca 
lbs.  II  miles,  in  a  day.  A  porter  going  short  distances  and  re 
loaded,  carries  139  lbs.  7  miles  a  day.  lie  can  carry,  is  »  « 
150  lbs.  10  miles  a  day. 

The  maximam  power  of  a  strong  man,  exerted  for  3}  mini 
stated  at  18,000  lbs.  raided  1  foot  in  a  minute.— J#r.  FUld"*  1 
1838. 

A  man  of  ordinar}'  strength  exerts  a  force  of  30  lbs.  for  10 
with  a  velocity  of  2^  feet  in  a  second  :=  4500  lbs.  raised  1  fool 
—  ow-fifih  the  work  of  a  horse. 

Daily  allowance  of  water  for  a  man,  1  gallon,  for  all  paipc 

Horses. — A  horse  travels  the  distance  of  400  yards,  at  ■ 
minatcs ;  at  a  trot,  in  2  minutes ;  at  a  gallop,  in  1  minnte. 

He  occupies  in  the  ranks  a  front  of  40  in.,  a  depth  of  1 
stall,  from  3}  to  4^  feet  front;  at  picket,  3  feet  by  9.  Arerm 
horses,  1000  lbs.  each. 

A  horse  carrying  a  soldier  and  his  equipmenti  (say  2SS 
25  mites  in  a  day  (8  hoars). 

A  park  horse  can  carry  2S0  lo  300  lbs.,  90  miles  a  dfty. 

A  drauffhl  Aoru  cttndmv  1600  lbs.  23  miles  a  day  ;  weigb 
included. 
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Forage, — Hay,  pressed  in  bandies,  11  lbs.  to  tbe  cubic  foot. 

Oat«,  40  lb«.  to  the  bushel,  or  32.14  lbs.  to  the  cubic  foot. 
Wheat,  60  lbs.  to  the  bushel,  or  48.21  lbs.  to  the  cubic  foot. 
A  horse-power  in  i^team  engines,  is  estimated  at  33,000  lbs.  raised  1 
.foot  in  a  minute ;  but  as  a  horse  can  exert  tliat  force  but  C  hours  a  day, 
one  steam  horse-power  is  equivalent  to  that  of  4  horses. 


Millimetre 

Centimetre 

Decimetre 

Metro 

Ddcamctre 

Hectometre 

Kilometre 

Mvriometre 


Table  of  Lengths. 

0.0393'^  inches. 

0.893'ri     " 

3.93710 

39.37100 

393.71000 

8937.10000 

39371.00000 

393710.00000 


u 


u 


u 


u 


1.094  yards. 

10.940     " 

109.400     " 

1094.000     " 

10940.000     " 


The  basis  of  the  French  measures  is  the  measure  of  a  meridian  of  the 
the  earth,  a  quadrant  of  which  is  10,000,000  metres,  measured  at  the  tem- 
peraturo  of  32^  F. 

Table  of  Weights. 


Millogramme  = 

Centigramme  = 

Decigramme  = 

Gramme  = 

Decagramme  = 

Hectogramme  = 

Kilogramme  = 

Myriogrammc  =  154440.2344 


0.0154  grains  troy. 
0.1544 


1.5444 

15.4440 

154.4402 

1544.4023 

15444.0234 


ii 


a 


u 


u 


ik 


u 


=  0.035  oz.  avoir. 


=  2.206  lbs.  avoir. 


Tbe  basis  of  the  French  system  of  weiglits  is  the  weight  in  vacuo  of  a 
litre,  or  a  cubic  decimetre,  of  distilled  water  at  the  temperature  of  39.2°  F* 

rt'f  V  r*"^  ^^  ^^""  weight  is  a  gramme. 

1  lb.  avoir.=:0.4535G85  kilogramme. 

Heat. 


Freezinf^  point  of 
Boiliiig      ** 


rater. 


•I 


Fahreahelt 


212' 


Reanm«r. 

Ceotiigra<le. 
ICK) 

0'' 
80* 

56 


APPENDIX. 


For  converting  from  one  scale  to  the  otber, 


MEASURXS   OF   WEIGHT. 


Avoirdupois  Weight, 


Drains 

Oanoea. 

Poondfl. 

Qaartera. 

CwL 

I 
Ton. 

16 

1 

256 

16 

1 

7168 

448 

28 

1 

28672 

1792 

112 

4 

1 

673440 

36840 

2240 

80 

20 

1 

7^  standard  avoirdupois  pound  of  the  United  States,  as  determined 
by  Mr.  Hassler,  is  the  weight  of  27.7015  cubic  inches  of  distilled  water 
weighed  in  air,  at  the  temperature  of  the  maximum  density  (39°. 83),  the 
barometer  being  at  30  inches. 

Troy  Weight. 


Grains. 

DwL 

Dance. 

Pound. 

1 

24 

480 

5760 

1 

20 

240 

1 
12 

1 

The  pound,  ounce,  and  grain  are  the  same  in  Apothecaries'  and  Troy 
weight ;  in  the  former,  the  ounce  is  divided  into  8  drachms,  the  drachm 
into  3  scruples,  and  the  scruple  into  20  grains. 


7000    Troy  grains    =       1  lb.   avoirdupois. 
175    Troy  pounds  =144  lbs. 
175    Troy  ounces  =  192  oz. 
437^  Troy  grains    =       1  oz. 


7000  Troy  grains  to  the  pound  are  used  in  estimating  weights  in 
artillery. 

The  common  musket  ball  is  j*^  of  a  pound,  and  consequently,  equal  to 
4113  grains. 


INDEX. 


•  ■♦  • 


A. 

ALLOYS.  105. 

AMMUNinoy,  fixed, 259,  346;  mAkingup,  889;  for  field  service,  340;  packing, 
848 ;  siege  and  ganiton,  349  ;  sea-coast,  hot  shot,  ricochet  firing  and 
proTiDg,  350 ;  for  small  arms,  867  ;  transporting,  397. 

ANGLE,  of  sight,  826;  of  fire,  226,  254;  of  departure,  236;  of  greatest  range,  248, 
265 ;  of  fiill,  254-255 ;  of  eleyation,  265 ;  of  least  elevation  for  mortars, 
266;  of  elevation  for  stone-mortars,  266. 

ARMSTRONG  GUN,  148. 

ARTILLERY,  50;  for  the  field-service,  885;  composition  of,  U.  S.  388;  horse,  389: 
batteries,  890;  in  action,  890;  supplies  for,  391  ;  load  for  each  horse 
in,  891 ;  mountain,  transportation  of,  396 ;  small  arms  for  field-artiller}', 
401. 

AXLE-TREE^  181-188. 

ARTILLERY  MATERIAL.  176. 


B. 

DALIJ9,  159. 

BAIXlsnC-PENDULUM,  27. 

BARBETTE-GUN,  801. 

BAR-SHOT,  160. 

BATTERIES,  Siege,  448;  classified,  446;  tracing,  447  ;  throwing,  up  448  ;  sunken, 
450;  mortar,  452;  masked,  453;  breaching, -ItVI  ;  mantlets  for,  455; 
in  marshy  ground,  456 ;  on  limited  ground,  456  ;  floating,  456. 

BATTERY-WAGON,  189. 


58  INDEX. 

BOATS,  raising  sunken  ones,  476;  capacity,  41*!;  equipage,  478;  French,  479; 
loaded  with  cavalry,  479  ;  with  artillery,  479. 

BOMBARDE,  176. 

BREACHING,  273  ;  of  field  work,  407. 

BREECH-SIGHT,  283 ;  construction  of,  826. 

BRIDGES,  483 ;  of  common  boats,  484 ;  of  rafU,  485 ;  of  cask*,  4&e.,  486 ;  trestle, 
486 ;  pontoon,  488;  Birago,  488  ;  preservation  of,  491 ;  flying,  495;  sos- 
pension,  498 ;  irregular,  497 ;  destroying,  498. 

BRONZE,  109;  analyzing,  110;  cooling-guns.  111;  tenacity  of,  112. 

BUCKETS,  888. 

BUDGE-BARREIA  882. 

BULLETS,  rifle,  126,127,  160;  elongated,  125;  compressed,  171,  869;  packing,  869. 


c. 

CALLIPERS,  for  guns,  75  ;  for  shot  and  shell,  178 ;  gunner's,  384. 

CANNON,  form,  60,  66-56-67-88;  breech-loading,  61 ;  length,  61-68 ;  caliber,  52- 
106;  materials  for,  64 ;  weight,  66;  wrougbt-iron,  106 ;  built  up,  107; 
Armstrong,  143  ;  casting,  192. 

CAISSONS,  188. 

CANISTER-SHOT,  object  of,  166;  construction  of;  160,  345;  effect  of,  256-268; 
packed,  349  ;  for  heavy  pieces,  351. 

CAPS,  percussion  for  cannon,  307  ;  for  small  arms,  371 ;  making,  372;  powder  for, 
872. 

CARTRIDGES,  size,  259  ;  bags,  340-349 ;  making,  841 ;  for  small  arms,  367 ;  for 
elongated  projectiles,  369. 

CARTRIDGE-BLOCKS,  260. 

CARRIAGES,  field,  187  ;  mountain,  189;  prairie,  192;  siege,  193;  barbette,  201  ; 
columbiad,  204  ;  sea-coast,  211;  flank  casemate,  213;  iron,  216;  trans- 
porlin^C,  426. 

CART,  hand,  199. 

CARCASSES,  166  ;  loading,  376. 

CASTING,  cooling  of,  98-95  ;  hollow,  94, 

CENTER  OF  IMPACT,  280. 

CHAMBERS,  58. 


INDEX.  59 

CHAIX-SHOT.  lea 

CHARCOAL,  9. 

CHARGE.  S28.  258-260 :  for  hot-ftbot.  261 ;  Btone-mortar :  263;  ricochet.  268. 

Cn.VSSIS,  barb«tt«,  203;  columbiad,  205;  casemate,  213;  for  flank  casemate,  214; 
iron,  216. 

CHOCKS.  SIO,  829. 

C0XV0Y3.  conducting,  892,  attacked,  809. 

COPPER,  109. 

CYUXDEROUAGE.  75. 

CYLIXDER^STAFF,  75.  * 

CYIJXDERS  AND  CAPS,  paper,  848. 

D. 

DEFILB3,  atUcking  and  defending,  406. 
DENSITY  of  shot  and  ahell,  168. 
DEVIATIONS,  284.  242. 
I>ISH  of  WHEELS.  181-185. 
DISEMBARKING,  422. 
DISTANCES,  estimating,  247,  251 
DRAG-ROPE,  837. 
DRAUGHT-HORSES.  186. 
DREDGING-BOX.  888. 
DRIFT.  289. 

E. 

ECCENTRIC  projectilea,  243 . 

ELECTRaBALLLSTIC.  Navez,  29. 
EMBRASURES.  444. 

F. 
FERRIES,  pM^ng,  475. 

FIBnrO^  iMaenmey  of,  145 :  •hella.258;  morUr.  264.  269 ;  nif;ht.266;  rocket,  272; 
ffif^dttgr  <rtll ;  nil«  of,  257  ;  theory  of,  220 ;   fioldartiller}-.  404. 


eO  INDEX. 

FIRE,  direct,  grazing  and  plunging,  254 ;  horizontal,  parallel  or  rolling,  256 ;  rico- 
chet, 255 ;  of  greatest  range,  256,  265 ;  horizontal,  256 ;  vertical,  256. 
tables  o(  272. 

FIRE- WORKS,  874. 

FIRESTONE.  874. 

•  FIRE-BALI^,  882. 

FIXED  AMMUNITION,  846. 

FORM,  of  cannon,  99 ;  of  Dahlgren-gun,  99 ;  of  columbiad,  100. 

FORE,  for  hot-shot,  382. 

FORGE,  traveling,  189;  portable,  190. 

FORAGE,  transporting,  897. 

FORTS,  Ac.,  reconnoitring,  441, 

FORTIFICATIONS,  attack  of  481 ;  defense  of,  457. 

FORDING,  rivers,  472 ;  order  for  passing  of  different  arms,  474. 

FRACTURE,  in  cannon,  88 ;  of  shells,  163. 

FRIOriON-TUBES,  863,  powder  for,  364 ;  French,  866. 

FURNACES,  for  hot  shot^  261. 

FUZES,  Time,  wooden,  277  ;  paper,  278;  improvement,  297 ;  Boxer,  278;  use,  279; 
objections,  280;  English,  280;  brass,  281;  Russian,  281,  301;  Serra, 
282;  Bormann,  283;  use,  284;  experiments  with,  285 ;  Baden,  285; 
Breithaupt,  289  ;  using,  291;  Baden-Breithaupt,  292  ;  Splingard,  295; 
advantages,  297;  U.  S.  sea  coast,  298;  machine' for  driving,  299; 
French,  300. 

"  CoNoussioy,  302;  Prussian,  304 ;  Schon8ted^,  307;  Snoecks.  308;  experi- 
ments with,  309  ;  Splingard,  312  ;  experiments  with,  314 ;  advantages, 
316. 

"  Percussion,  317  ;  Duke  of  Normandy,  303  ;  Maj.  Laidley's,  803  ;  French, 
318;  objections,  819;  Moorsom's,  319;  Bourbon,  321. 

**        Making:  wooden,  854;  paper,  355. 

FUZE-SETTER,  333. 
FUZE-EXTRACTOR,  335. 

FUZE-PLUGS,  344. 

FUZE-MALLET,  334. 
FUZE-SAW,  334. 
FUZE-AUGER,  334. 
FUNNEL,  338. 
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G. 

GIN,  field  and  siege,  199 ;  garrison,  206  ;  casemate,  218. 

GRAP&SHOT,  how  made,  160,  851 ;  how  used,  268;  not  used  with  ficldguns,  845. 

GRAT^  for  hot  shot»  261. 

GR£NAD0, 166. 

GRIBEAUYAL'S  syiUm,  178. 

GOLD-RAIN.  881. 

GROOVE9  on  balls,  241. 

G CAGES,  cylioder,  for  giins»  76;  for  shot,  172;  star,  76;  ring  of  star  guag^*,  77; 
trunnioD,  78 ;  Tent,  79 ;  for  fuze-hole,  178. 

GUIDE-PLATE,  78. 

GUNNER'S  LEVEL,  828. 

GUNNER'S  GIMLET,  885. 

GUNNER'S  PINCERS,  886. 

GUN-CARRIAGES,  176;  of  United  States,  178;  English,  180. 

GUN-COTTON,  46. 

GUNPOWDER,  discoTery  and  ingredienU,  9;  fiibrication,  15;  properties  of,  18; 
packing,  20 ;  testing,  21-26-48 ;  proportions,  21 ;  combustion,  23  ;  rate 
of  burning,  26 ;  hygrometrio  qualities,  43 ;  restoring,  44 ;  storing,  44  ; 
transporting,  45. 

GUN-PENDULUM,  27. 

H. 

HAMMER,  inapeeting,  172. 

HANDLES,  of  guns,  62. 

HANDSPIKE  manocuTciing,  211,328;  shod,  328  ;  roller,  886  ;  truck,  887. 
HARNBSS,  mtn\  837. 

HAUSSE»  238;  origin,  259;  use,  264;  pendulum,  826. 

HAVRESACKS,  831. 

UKUX,  IM;  form  of,  194. 
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HORSES  for  field-artillery,  qualities,  409;  selecting,  410;  age,  411 ;  bearing,  415; 
transporting  by  sea,  418  ;  rations  for,  421,  895 ;  transportuig  by  land, 
424. 


L 

IMPLEMENTS,  for  artillery,  324  ;  quadrant,  324 ;  breech-sight,  824 ;  tengent-acale. 
and  pendulum-hausse,  826  ;  gunner's  level,  828 ;  handspike,  328 ; 
pointing-stakes  and  wires,  plummet,  pointing-cord,  quoin,  chock,  329 ; 
rammers,  spouge-heads,  sponges,  staves,  sponge-covers,  830;  loading- 
tongs,  shell-hooks,  havre-sacks,  pass-box,  331 ;  budge-barrel,  hot-ehot 
fork,  ladles,  tongs,  382 ;  -worms,  scraper,  dredging-box,  powder-meas- 
sures,  funnel,  fuze-setter,  833 ;  fuze-mallet,  faze-saw,  gunner^s  callipers, 
fnz4^-auger,  shell-plug  screws,  834 ;  fuze-«rxtractor,  portfire  cutter, 
priming-wire,  gunner's  gimlet,  vent-punch,  836;  gunner's  pincers, 
lanyard  and  hook,  tube-pouch,  thumb-stall,  roller  handspike,  336 ; 
truck-handspike,  prolonge,  drag-rope,  men's  harness,  vent  cover,  tow- 
hooks,  837  ;  sponge,  tar  andwater  buckets,  338. 

INACCURACY  in  firing,  245. 

INCENDIARY  COMPOSITIONS,  874 ;  fire-stone,  374 ;  Valenciennes,  376. 

INJURIES  to  cannon,  83. 

INSPECTING,  instruments,  for  cannon,  75  ;  for  projectiles,  172  ;  convoys,  392. 

INTRENCUMENTS,  attock  and  defense  of,  407  ;  forming,  408. 

IRON,  gray,  102;  white,  103;  Swedish,  103;  testing,  103;  alloys,  104  ;  wrought, 
106. 


K. 


KNOB  of  cascable,  62. 


L. 


LADLES,  332. 

LANYARD  and  hook,  336. 

LIFTING-JACK,  208. 

LENGTH  of  cannon,  68. 

LEVER-JACK,  208. 

LINE,  of  sight,  of  fire,  of  metal,  226. 
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LIGHT-BALLS,  888. 


LOADING,  CArriAges,  185  ;  small  arms,  225  ;  cannon.  257-200,  with  hot  shot,  260 ; 
Sehrapnell,  287;  tongA,  331 ;  shells  nud  spherical  case,  844;  carcasses, 
876. 

LOCKS,  for  eaonon,  867. 


M. 

MAGAZINES,  45. 

VAONUS*  instmmeni  for  showiog  rotation,  237. 
MAN(£CYERING  BLOCKS,  209. 
MARKSMAN.  246. 

MARKING,  cannon,  88 ;  shot  and  shell,  173. 
MARRONS,  881. 
MARCHES,  891-398. 
MATCH,  quick,  857 ;  slow,  SCO. 

MATERIAL,  fielJ,  186;  siege  and  garrison,  192;  sea-coast,  211. 
MATERIALS,  for  cannon,  102-105;  shot  and  shell,  171 ;  for  gun-carriages.  113. 
ME.VSURING-POIN'K,  76-78. 
MILLS,  ponnding,  15;  rolling.  17. 
MERLONS,  444. 

MORTARS,  English,  94;  United  SUtes,  68;  Mallet's,  108. 
MORTAR-BEDS,  siege  and  garrison,  197 ;  sea-coast,  217. 
MORTAR- WAGONS.  196. 
MULES,  410. 


NAVETS  MACHINE,  29. 

!CA^^GATION  of  rireri^  480. 

NITRE;  11;  ana] jiing  and  purifying,  12;  fudng,  14. 

VUMBEaiKG,  talkb  174 ;  gau,  88. 
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o. 

ORDNAlvCE,  50;  guns,  62;  howitzers,  65;  columbiads,  67  ;  mortara,  68;  manufiM- 
lure  of,  70;  casting,  73;  boring  and  turning,  78;  inspecting  iron, 
75 ;  brass,  79 ;  proving,  80 ;  preservation  of,  86  ;  foreign  caliberi^  87. 


P. 

PACKING,  ammunition,  848.  • 

PACK,  horses,  186-410  ;  mules,  410. 

PAIXHAN  guns,  262. 

PARKING  batteries  or  convoys,  898. 

PASSES  and  DEFILES,  reconnoitering,  441. 

PASS-BOX,  881. 

PENETRATION,  271. 

PERCUSSION-POWDER,  872. 

PENDULUM  HAUSSE,  826. 

PILING  BALLS,  174. 

PITCHED  FASCINES,  384. 

PLANES,  of  fire,  226;  of  weakness,  89. 

PLATFORMS,  niege-gun,  194;  mortar,  198;  rail,  198;  ricochet,  196;  laying, 

PLUMMET,  829. 

PLUG-SCREWS,  for  shells,  884. 

POINT-BLANK,  226. 

POINTING,   long   guns   and    mortars,    264 ;    stakes  or  wires,  829 ;    cord,    S29 ; 
board,  329. 

PORT-FIRES,  making,  861 ;  composition  for,  862  ;  driving,  862. 

PORT-FIRE  CUTTER,  885. 

POSTS,  attacking  and  defending,  407. 

POWDER-MEASURES,  888. 

PRIMING  pieces,  857. 
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PRDflXGWIRE,  885. 

PBIMDrG-TUBE9,  qnill,  858  ;  meUl,  859. 

PRIMERS,  penoMioii,  867 ;  Maynard*!.  878. 

PRESERVATION,  of  ordnance,  86 ;  ammanition,  174. 

PROLONGE,  887. 

PROJECTILE?,  155 ;  stone,  lead,  and  iron,  156;  elongated,  158;  mana&ctnre  of; 
169;  castiog,  170;  polishing,  171;  inspecting,  171;  eccentric,  2i8; 
how  used  in  field-artillery,  405. 

PUNCUES,  steel,  172;  Tent,  885. 


Q. 


QUADRANT,  824. 
QUOIN,  829. 


R 

RAFTS,  how  made,  481. 

RAIN  OF  HRE,  881. 

RANG^  definition,  226;  of  field-guns,  250;  effectiTe,  267;  of  grape  andeankter» 
268;*point  blank,  264. 

RAlOfERS,  88a 

RECOIL^  definition,  224;  amount  of,  271 

RECONNOISANCES,  488  ;  of  rirera,  467. 

RESISTANCE  of  the  air,  157. 

KEST,  for  sUr  gusge,  76 ;  use  oC  77. 

RIFLES,  origin  and  theory  of,  119;  forming,  120;  conditions,  180;  Belgium  ezper- 
imenta,  152;  of  Prussia,  Brunswick,  Hanover,  Spsin  and  Russia,  132 ; 
United  States  and  Germany,  131;  breech-loadiog,  122,  146;  Bum- 
sidceM28;  motion  of  bullet,  121-129;  belted  ball,  125;  DeWigne'a, 
125;  i  tige.  125;  Swiss,  187 ;  Austrian,  137 ;  BaTarian,  137 ;  of  Belgium 
and  Denmark,  139;  Lancsstcr,  139  ;  Rifle  cannon,  139;  Cavalli's,  146  ; 
Armstrong's,  143;  of  Belgium,  149;  Ueei's  shell,  141;  against  artil 
lery,  161. 

RICOCnET  firing,  254-255 ;  gnudng  and  plunging,  255 ;  with  mortars,  266. 
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RING  GUAGE,  11. 

RIMBASE3,  62. 

RIVERS,  passage  of,  466  ;  surprising  a  passage,  466  ;  forcing  a  passage,  466;  oppo- 
sing a  passage,  467;  reconnoitering,  467;  determining  width  of,  469; 
swimming,  471 ;  passing  on  ice,  471 ;  fording,  420 ;  naTigation  of,  480; 
crossing  in  floating  ice,  480;  on  rafts,  481;  by  bridges^  483;  precau- 
tions used,  403. 

ROADS,  reconnoitering,  440. 

ROCKETS,  war,  166,  382;  Congreve's,  167;  Hale's,  1^8;  signal,  876;  making  the 
cases,  877 ;  composition,  877 ;  driving,  378  ;  making  up,  879 ;  deco- 
rations for,  380 ;  packing,  882. 

ROLLERS,  long,  half,  and  short,  210. 

ROLLING  BARRELS,  16. 

ROTATION,  237. 


S. 

SEARCHER,  for  gun,  76  ;  for  vent^  79; 

SEASONING  timber,  116. 

SCHOOLS  OF  PRACTICE,  220 ;  French,  247. 

SHOT,  166;  eize,  Ac,  159;  range  of,  249;  efifect,  250,267,  273;  hot,  258;  hollow, 
162;  effect^  208;  strapped,  342;  fixed,  846. 

SHELLS,  166;  divided,  163;  mortar,  269;  bullets,  164;  strapped,  342,  350;  fixed. 
347  ;  mortar,  filling,  393 ;  large  shells,  863. 

SHIFTING  PLANK,  210. 

SKID,  209. 

SLING  CART,  hand,  199;  large.  207;  slinging  a  piece,  201-207. 

SPHERICAL  CASE,  164,  268;  fixed,  347. 

SPIKING  and  unspiking  cannon,  86. 

STADIA,  250;  graduating,  262. 

STRAIN  on  guns,  97. 

SULPHUR,  14. 

SWIMMING  rivers,  471. 
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T. 

TACTICS  of  field  arUllery,  400;  ottack  and  defenw,  408  ;  retreat,  409. 

TANGENT  SCALE.  32C. 

TARGET  PRACTICE,  220. 

TARRED  LINKS.  384. 

TIN.  109. 

TIME,  of  flight  mortar  diells.  270. 

THICKNESS  of  meUl  in  guns.  96. 

THEORY  OF  FIRE,  220-226. 

THUMB  STAU^  836. 

TIMBER,  measuring,  117. 

TONGS  for  hot  thot.  832. 

TOW  HOOK.  337. 

TOWNS,  attaek  and  defense  o(  4o7. 

TRACK  of  a  carriage.  186. 

TRAJECTORY.  226  ;  form,  263  ;  mean,  2-29. 

TRANSPORTATION,  416;  by  sea.  417;   horse?,  418;   men.  422;    disemharking. 
422;  by  railroad,  428 ;  regulations.  428  ;  unloading  cars,  429. 

TRAVERSE>^  460. 

TRAVERSE  CIRCLE^  ourvetl,  214. 

TRUCK,  easemate,  818;  store,  219. 

TRUNNIONS.  61 ;  causing  weaknes«,  96 ;  placed  in  -ear,  98. 

TRUNNION  SQUARE,  77. 

TRUNNION  RULE.  79. 

TRUNNION  LOOP,  211. 

TUBE  PUNCH,  886. 

V. 

VALENCIENNES  COMPOSITION,  376. 
VALLIERE^  system.  177. 


I 

56S  IKDSZ^ 

V  ARIATIOIIB  in  nng^  S4a. 

YBLDCmK,  iniOal,  4S-2ta ;  «ff«etoi;SfiO;  ofroliliM»in;  «riiv«%4il: 

YBST,  60 ;  eoTer,  887. 

WADS,  261;  grommeti  268,  864;  makiiig  junk,  868;  haj,  SM. 

WAFERS,  paremiloo,  867. 

WIND,  244. 

WINDAGE  68. 

WHEELS,  181-188 ;  htS^i  <»(  184. 

WOOD,  ▼ftrietiet,  118-114;  Ml«etiDg  treei^  toil,  nd  loMBtf,  114;  OTllii^lU; 
defeeti^  116;  attaddag and d^Ttadiiig, 406L 

W0E3IS,  888. 
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